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PEEFACE  TO  THIRD  EDITION. 


The  favour  with  which  this  little  work  has  been  re- 
ceived has  necessitated  the  issue  of  a new  edition. 

The  chief  alterations  are  as  follows  : 

Part  I.  has  been  re-arranged  as  well  as  brought 
up  to  date. 

In  Part  IV.  short  descriptions  of  the  determina- 
tions of  the  boiling-point  and  melting-point,  with  the 
connection  between  the  structure  of  a substance  and 
its  behaviour  to  polarised  light  (stereo-isomerism),  have 
been  inserted.  In  Chapter  XI.  will  be  found  the 
composition  of  various  chemical  substances  which 
have  recently  come  into  use  as  drugs  (aspirin,  heroin, 
mesotan,  veronal,  etc.). 

To  the  Practical  Part  a brief  account  of  Volumetric 
Analysis  has  been  added,  and  the  tables  have  been  ex- 
tended so  as  to  include  the  analysis  of  a mixture  con- 
taining two  metals  and  one  acid. 

Finally,  the  whole  work  has  been  subjected  to  a 
thorough  reidsion,  so  as  to  bring  it  up  to  date. 

Temperatures  throughout  are  in  the  Centigrade 
scale. 

F.  J.  M.  P, 

Chemical  Laboratory, 

London  Hospital  Medical  College, 

Turner  Street,  E. 

August,  1905. 


PEEFAOE  TO  EIEST  EDITIOE. 


#0# 

This  book  is  intended  as  a guide  to  the  study  of 
chemical  science  for  the  use  of  students  of  medicine. 
Now  that  Chemistry,  and  especially  Organic  Chemistry, 
has  become  so  vast  a science,  the  student  of  medicine 
is,  on  the  one  hand,  apt  to  find  himself  out  of  his 
depth  in  attempting  the  perusal  of  the  larger  hand- 
books on  the  subject ; and,  on  the  other  hand,  with 
many  of  the  smaller  works,  excellent  in  their  way, 
he  is  hampered  by  omission  of  matter  essential  to  the 
successful  after-study  and  practice  of  medicine.  This 
book  has  therefore  been  written  to  bring  together  is 
a concise  form  those  portions  of  chemical  science  that 
directly  or  indirectly  bear  on  the  study  and  practice 
of  medicine. 

To  gauge  correctly  the  wants  of  the  student  of 
medicine,  and  to  appreciate  rightly  the  position  that 
must  be  assigned  to  the  study  of  Chemistry  amongst 
his  multifarious  work,  can,  in  my  opinion,  be  best 
done  by  one  who  has  himself  been  through  the  courses 
of  study  and  work  required  for  qualifying  in  medicine. 
I have  therefore  undertaken  the  task  of  writing  this 
book  in  the  hope  that  it  may  supply  a long-felt  want, 
and  that  it  may  assist  the  student  in  acquiring  a 
sound  knowledge  of  the  fundamental  principles  of 
Chemistry. 


A.  P.  Lt 
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INTKODUCTION  TO  THE  STUDY  OF 

CHEMISTEY. 


CHAPTER  I. 

FORMS  OF  MATTER — CHEMICAL  ATTRACTION. 

Matter — Solids  — Liquids  — Gases  — Latent  Heat  — Mixtures  and 
Chemical  Compounds— Chemical  Attraction — Heat  produced 
by  Chemical  Action. 

Matter. — In  order  to  commence  the  study  of 
Chemistry  clearly  and  definitely,  it  is  absolutely 
necessary  that  the  student  should  understand  what 
matter  is,  the  different  forms  in  which  it  exists,  and 
the  laws  which  cause  the  existence  of  these  different 
forms  of  matter. 

The  three  forms  of  matter. — Matter  is  that 
which  can  occupy  space,  and  it  exists  in  three 
forms : viz.  the  solid,  liquid,  and  gaseous.  Any  one 
of  these  forms  of  matter  can  be  converted  into  either 
of  the  other  two  ; thus,  by  melting  solid  ice  it  becomes 
liquid  water,  and  by  boiling  the  liquid  water  gaseous 
steam  is  produced.  The  particles  of  all  bodies  are 
under  the  influence  of  two  forces : one  a force  of 
attraction  (otherwise  known  as  cohesion)  and  the 
other  a force  of  repulsion  (which,  as  will  be  pre- 
sently explained,  is  closely  connected  with  latent 
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liCRt)  ; and  according  to  the  distribution  of  these 
forces  of  attraction  and  repulsion  the  different  forms 
of  matter  result.  If  one  of  the  forces  is  in  excess  of 
the  other,  one  of  the  two  extreme  forms  of  matter 
(the  solid  or  the  gaseous)  results ; if  the  two  forces 
are  equally  balanced,  then  the  intermediate  form  of 
matter  (the  liquid)  is  the  result. 

Thus  in  all  solids  the  force  of  attraction  of  the 
particles  for  one  another  is  greater  than  the  force  of 
repulsion.  The  peculiarity  of  the  solid  form  of  matter 
is  that  the  relative  positions  of  its  particles  cannot  be 
changed  without  the  expenditure  of  more  or  less 
force;  solids  therefore  tend  to  retain  whatever  form 
they  may  happen  to  possess. 

In  liquids  the  forces  of  attraction  and  repulsion 
of  the  particles  are  equally  balanced.  The  distinctive 
peculiarity  of  the  liquid  state  is  that  the  particles 
readily  glide  over  one  another,  and  assume  the  shape 
of  the  vessel  containing  the  liquid. 

In  gases  the  force  of  repulsion  exercised  by  the 
particles  is  considerably  greater  than  the  force  of 
attraction.  The  distinctive  character  of  the  gaseous 
state  is  that  the  particles  are  continually  undergoing 
a struggle  to  occupy  a larger  space.  It  will  now  be 
easy  for  the  student  to  understand  why  a gas  can  be 
compressed  by  additional  pressure  and  expanded  by 
partial  removal  of  pressure  : the  compression  of  a gas 
l3eing  brought  about  by  the  mechanical  force  employed 
overcoming  the  repulsive  force  of  its  particles ; and 
the  expansion  of  a gas  being  caused  by  the  repulsive 
force  of  the  particles  for  one  another  coming  into 
play,  when  the  pressure  is  removed. 

It  must  not  be  supposed  that  the  particles  of  any 
one  of  these  forms  of  matter  are  in  absolute  contact 
with  one  another,  although  such  is  a common  opinion 
with  regard  to  solids  and  liquids.  That  solids  are  in 
reality  porous,  that  tlie  particles  are  not  absolutely 
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close  together,  is  proved  by  liaiimiering  or  powerfully 
pressing  them,  when  they  will  be  found  to  occupy  a 
smaller  bulk  than  they  did  previous  to  being  sub- 
mitted to  pressure ; and  again  is  j)roved  by  what  is 
technically  called  the  “ sweating  ” of  iron  in  the 
Bramah  hydraulic  press,  where  water  under  powerful 
pressure  actually  is  forced  through  the  pores  of  a 
stout  iron  cylinder,  although  to  the  eye  the  iron 
appears  perfectly  compact  and  homogeneous.  That 
liquids  have  spaces  between  their  particles  is  best 
proved  by  mixing  certain  liquids  together,  when  a 
contraction  in  bulk  takes  place.  If  alcohol  and 
water  be  mixed  together,  a diminution  in  volume 
occurs,  the  particles  getting  closer  together  than  they 
formerly  were,  due  to  a molecular  combination  of  the 
alcohol  with  the  water ; thus,  in  making  proof  spirit, 
100  fluid  ounces  of  rectified  spirit  are  mixed  with 
60  fluid  ounces  of  water,  yet  only  156  fluid  ounces 
of  proof  spirit  result,  a contraction  of  about  per 
cent,  having  taken  place. 

The  student  having  now  become  acquainted  with 
the  different  forms  of  matter,  the  next  thing  for  him 
to  understand  is  how  and  under  what  conditions  any 
one  form  of  matter  is  capable  of  being  converted  into 
another.  Heat  is  the  agent  necessary  for  the  trans- 
formation of  one  form  of  matter  into  another,  and  it 
is  the  addition  or  abstraction  of  heat  that  brings 

o 

about  the  change  of  state  in  any  form  of  matter.  If 
a piece  of  roll  sulphur  (representing  the  solid  form  of 
matter)  be  heated  in  a test-tube  or  flask,  it  will  first 
melt  to  a yellow  fluid  (representing  the  liquid  form 
of  matter),  and  this  on  further  heating  will  boil  away, 
forming  a heavy  vapour  of  a reddish-brown  colour 
(representing  the  gaseous  form  of  matter) ; heat  is 
therefore  the  agent  that  has  converted  the  solid  into 
a liquid,  and  the  liquid  into  a gas  or  vapour.  Now, 
if  part  of  the  heat  be  abstracted  from  the  sulphur 
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vapour^  this  will  condense  to  a syrupy  fluid  ; and  this 
fluid  on  further  cooling  (that  is,  on  further  abstraction 
of  heat)  will  solidify  to  a mass  of  solid  sulphur. 
From  these  simple  experiments  the  following  general 
law  can  be  deduced  ; — 

Either  the  aclditioii  or  abstraction  ol 
heat  is  necessary  for  the  conversion  of  any 
one  form  of  matter  into  another  form. 

Eatent  heat. — The  heat  which  is  stored  up  in 
liquids  and  gases,  and  which  prevents  their  change  of 
state,  is  called  latent  heat.  Latent  or  hidden  heat  is 
that  heat  which  cannot  be  detected  by  the  ther- 
mometer, which  is  doing  other  work  than  that  of 
making  itself  sensible  to  the  thermometer  : viz.  pre- 
venting the  change  of  state  of  the  body  in  which  it  is 
stored  up.  Thus,  on  applying  heat  to  the  piece  of 
roll  sulphur,  a quantity  of  the  heat  is  rendered  latent 
and  converted  into  energy,  which  keeps  the  sulphur 
in  the  liquid  form  ; on  the  further  application  of  heat 
to  the  melted  sulphur  until  it  boils,  more  heat  is  ren- 
dered latent,  in  order  to  convert  the  liquid  sulphur 
into  the  gaseous  or  vaporous  form.  To  condense  the 
sulphur  vapour  to  a liquid,  part  of  the  latent  heat 
must  be  abstracted  by  bringing  the  vapour  into 
contact  with  some  cool  substance,  which  withdraws 
some  of  the  latent  heat  by  transforming  it  into 
sensible  heat ; the  sulphur  vapour,  having  now  lost 
the  force  or  energy  which  kept  it  in  the  gaseous  form, 
condenses  to  a liquid ; if  the  latent  heat  of  this  liquid 
be  in  its  turn  abstracted  by  further  cooling,  the 
melted  sulphur  will  solidify. 

The  subject  of  latent  heat  will  be  rendered  more 
intelligible  by  quoting  an  example  : the  conversion  of 
ice  into  water  will  be  taken.  If  one  pound  of  ice 
at  0°  C.  be  mixed  with  one  pound  of  w^ater  at 
79°  C.,  two  pounds  of  water  at  0°  C.  will  be  the 
result.  In  this  case  the  heat  which  had  raised  one 
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pound  of  water  through  79°  C.  has  disappeared, 
but  it  is  not  lost ; it  has  converted  the  pound  of  ice 
into  a pound  of  water,  and  in  doing  so  the  heat  has 
been  rendered  latent  by  the  melting  ice  ; it  has  not 
raised  the  temperature  of  the  ice,  but  has  changed  it 
from  the  solid  to  the  liquid  state;  if  the  water  be 
frozen,  this  latent  heat  would  be  transformed  into, 
and  given  forth  in  the  form  of,  sensible  heat. 

l^lixttires  and  chemical  compounds. — Be- 
fore treating  of  the  force  known  as  chemical  attraction, 
or  chemical  affinity,  as  it  is  sometimes  termed,  it  will 
be  well  for  the  student  to  clearly  understand  the 
difference  between  a mixture  of  substances  and  a 
chemical  compound.  A mixture  possesses  all  the 
properties  of  its  ingredients,  and  these  ingredients 
can  be  mixed  in  any  proportions.  A chemical 
compoimd  possesses  entirely  different  properties  to 
those  of  its  ingredients,  and  the  proportion  of  each 
of  its  constituents  is  fixed  and  invariable.  A very 
good  example,  illustrative  of  these  two  definitions,  is 
furnished  by  a mixture  of  iron  and  sulphur,  and  by 
sulphide  of  iron,  a chemical  compound  of  iron  and 
sulphur.  If  iron  filings  and  powdered  sulphur  be 
rubbed  together,  it  will  be  found  that  the  mixture 
possesses  all  the  pi’operties  of  its  constituents  un- 
altered; for  with  a magnet  the  iron  filings  can  be 
picked  out  and  the  sulphur  left ; or,  by  treating  the 
mixture  with  a liquid  called  bisulphide  of  carbon,  the 
sulphur  can  be  dissolved  out  and  the  iron  filings  left ; 
on  evaporating  the  bisulphide  of  carbon  solution,  the 
sulphur  will  be  left.  But  if  the  iron  filings  and 
sulphur  be  heated  in  a crucible,  chemical  combination 
takes  place,  and  a black  mass  of  sulphide  of  iron  is 
formed,  which  chemical  compound  possesses  entirely 
different  properties  to  those  of  its  constituents.  A 
magnet  is  now  incapable  of  abstracting  the  iron  from 
it ; bisulphide  of  carbon  will  not  dissolve  out  the , 
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sulphur  from  it ; on  treating  it  witli  dilute  sulphuric 
acid,  a gas,  called  sulphuretted  hydrogen,  possessing 
an  offensive  odour,  is  evolved ; neither  iron  nor  sul- 
phur possesses  the  property  alone  of  evolving  this  gas 
when  treated  with  dilute  sulphuric  acid.  As  may  be 
readily  comprehended,  a mixture  of  iron  filings  and 
sulphur  could  be  made  with  any  proportions  of  the 
constituents,  whereas  the  chemical  compound  sulphide 
of  iron  requires  the  constituents  to  be  present  in  the 
fixed  proportions  of  56  parts  by  weight  of  iron  to  32 
parts  by  weight  of  sulphur.  (The  student  will  shortly 
learn  that  these  are  the  atomic  weights  of  iron  and 
sulphur.)  If  different  proportions  to  these  are  used, 
then  a mixture  of  sulphide  of  iron  with  excess  of 
either  iron  or  sulphur  will  be  the  result,  accordingly 
as  excess  of  iron  or  sulphur  has  been  used. 

Characters  of  chemical  attraction. — It  is 
necessary  that  the  student  should  pay  great  attention 
to  the  peculiar  characters  by  which  the  force  of 
chemical  attraction  may  be  recognised,  for  it  is  by 
means  of  this  force  that  the  comparatively  few  ele- 
mentary bodies  arrange  themselves  into  the  number- 
less compounds  of  which  the  animal,  vegetable,  and 
mineral  kingdoms  are  composed. 

Chemical  attraction  is  an  extremely  powerful 
force,  which  acts  only  on  the  smallest  particles  of 
matter,  and  between  inappreciable  distances,  and,  as 
a rule,  one  at  least  of  the  substances  must  be  a liquid 
or  a gas.  An  example  of  the  last-mentioned  fact  is 
obtained  by  powdering  and  rubbing  together  in  a 
mortar  tartaric  acid  and  carbonate  of  soda ; no 
change  whatever  occurs ; but  if  water  be  now  added 
to  the  mixture  in  the  mortar,  the  two  substances 
will  dissolve,  and  in  the  dissolved  state  will  come 
sufficiently  close  to  one  another  to  react,  chemical 
action  being  manifested  by  the  effervescence  that 
takes  place,  due  to  the  tartaric  acid  acting  on  the 
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carbonate  of  soda,  forming  tartrate  of  soda,  and 
liberating  carbonic  acid  gas. 

Chemical  attraction  exists  between  the  particles 
of  dissimilar  kinds  of  matter,  and  the  result  of 
chemical  combination  is  an  entire  change  of  properties 
in  the  compound  produced.  For  instance  ; a piece  of 
iron  shows  no  desire  to  chemically  unite  with  another 
piece  of  iron  ; but  if  the  iron  be  heated  with  a dis- 
similar substance,  as  sulphur,  chemical  combination 
then  takes  place,  and  a new  body — sulphide  of  iron — 
is  formed,  which  possesses  entirely  different  properties 
to  those  of  its  constituents,  as  has  been  previously 
explained. 

A most  important  phenomenon,  which  is  always 
the  result  of  chemical  combination,  is  the  production 
of  heat.  It  must  be  carefully  borne  in  mind  that 
whenever  chemical  combination  takes  place  heat  is 
produced  or  absorbed : when  heat  is  evolved  the 
compound  is  called  an  exothermic  body ; if  heat  is 
absorbed  an  endothermic  substance  is  produced.  The 
following  are  a few  examples  of  heat  produced  by 
chemical  action  : — 

If  a piece  of  the  metal  potassium  be  thrown  upon 
water,  the  potassium  decomposes  the  water,  form- 
ing hydrate  of  potassium,  and  evolving  part  of  the 
hydrogen  of  the  water  ; the  heat  produced  by  this 
chemical  action  is  sufficient  to  set  fire  to  the  escaping 
hydrogen,  which  burns  with  a violet-coloured  flame 
(the  colour  being  due  to  a trace  of  potassium  volatil- 
ised by  the  heat).  If  a small  piece  of  dry  phosphorus 
be  placed  on  a fragment  of  iodine,  the  two  substances 
will  immediately  commence  to  combine  and  form 
iodide  of  phosphorus,  and  the  heat,  produced  by  this 
chemical  combination,  ignites  that  portion  of  the 
phosphorus  which  has  not  already  united  with  the 
iodine.  The  lime-light  affords  another  good  illus- 
tration of  heat  produced  by  chemical  action ; to 
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produce  the  light,  the  oxy-hydrogen  flame  is  made  to 
impinge  on  a piece  of  lime ; the  oxygen  and  hydrogen 
in  combining  chemically  with  each  other  produce  an 
intense  heat,  and  this  raises  the  particles  of  the  lime, 
upon  which  the  flame  impinges,  to  a white  heat ; the 
particles  of  lime,  glowing  at  this  white  heat,  emit  the 
dazzling  light. 

Another,  and  a still  more  common,  example  of  heat 
produced  by  chemical  action  is  that  derived  from  the 
burning  of  coals  in  our  fire-grates ; in  this  case  the 
constituents  of  the  coal  combine  chemically  with  the 
oxygen  of  the  air,  the  heat  resulting  from  this  chem- 
ical action  causes  the  coals  to  glow,  and  inflames  the 
gases  escaping  from  the  burning  coal.  In  fact,  in 
most  cases  where  heat  is  obtained  artificially,  it  is  the 
result  of  chemical  action. 

One  last  important  example  of  heat  produced 
by  chemical  action  is  that  of  animal  heat,  or  the 
heat  which  maintains  the  temperature  of  the  living 
body;  the  oxygen  of  the  air  that  we  inhale  is 
absorbed  by  the  blood  circulating  through  the  lungs, 
and  is  then  conveyed  in  the  blood  to  the  various 
tissues  of  the  body,  where  the  carbon  and  hydrogen  of 
the  tissues  become  oxidised,  or  burnt,  by  this  oxygen 
to  carbonic  acid  gas  and  water  respectively,  and  it  is 
the  heat  produced  by  this  chemical  action — by  this 
oxidation — which  serves  to  maintain  the  temperature 
of  the  animal  body. 

As  examples  of  endothermic  substances  the 
following  may  be  quoted : Peroxide  of  hydrogen, 

hydrogen  iodide,  nitrous  oxide,  etc.  At  extremely 
low  temperatures  (— 180°)  chemical  action  seems 
almost  to  cease. 
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CHAPTER  II. 

DEFINITIONS  AND  FUNDAMENTAL  PRINCIPLES. 

Elements  — Metals  — Non-metals  — Symbols  — Atomic  Theory  — 
Atoms  — Molecules  — Atomic  Weights  — Laws  of  Chemical 
Combination  — Gay  Lussac’s  Law  of  V olumes  — Specific 
Gravity  of  Gases  and  Vapours— Atomic,  Molecular,  and  Equi* 
valent  Weight. 

ELEMENTS  AND  COMPOUNDS. 

Chemistry  is  the  science  that  concerns  itself  with 
the  changes  of  matter  and  teaches  us  how  to  resolve 
complex  forms  of  matter  into  simpler  or  elementary 
forms,  and  to  construct  compound  forms  of  matter 
from  the  simpler  or  elementary  forms.  The  resolution 
of  complex  bodies  into  simpler  or  elementary  bodies  is 
called  analysis  (dj/d,  up ; Xvaig,  separation)  ; and 
the  construction  of  compounds  from  simpler  bodies 
is  called  synthesis  {avy,  together ; diaig,  placing). 

The  numberless  compounds  met  with  in  the  animal, 
vegetable,  and  mineral  kingdoms  can  all  be  resolved 
or  split  up  by  analysis,  or  otherwise,  into  about 
seventy  simpler  forms  of  matter,  which  are  called 
the  elements;  of  these  seventy  elements,  only  about 
forty  are  of  medical  interest.  An  element  is  a 
body  (it  may  be  a solid,  a liquid,  or  a gas)  that 
hitherto  has  resisted  all  attempts  to  decompose  it  into 
any  simpler  forms  of  matter ; for  example,  silver  and 
oxygen  are  two  of  the  elements,  and  all  attempts  have, 
up  to  the  present  time,  been  incapable  of  decomposing 
them  into  simpler  bodies.  A compound  is  a body 
composed  of  two  or  more  elements,  and  is  there- 
fore capable  of  being  split  up  into  them  ; for  example, 
oxide  of  silver  is  a compound,  for  it  is  possible,  by 
simply  heating  it,  to  resolve  it  into  the  two  elements} 
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silver  and  oxygen,  the  former  being  left  as  finely- 
divided  metal,  and  the  latter  escaping  as  a gas. 

The  following  is  a list  of  the  elements,  arranged 
alphabetically  : — 


LIST  OF  THE  ELEMENTS. 


Aluminium 
Antimony 
Ai’gon*  (A) 
Arsenic 
Barium 

Beryllium  (Be) 

Bismuth 

Boron* 

Bromine* 
Cadmium  (Cd) 
Caesium  (Cs) 
Calcium 
Carbon* 

Cerium  (Ce) 

Chlorine* 

Chromium 

Cohalt 

Copper 

Erbium  (Er) 

Fluorine* 

Gadolinium  (Gd) 

Gallium  (Ga) 

Germanium  (Go) 

Gold 

Helium*  (He) 
Hydrogen* 


Indium  (In) 

Iodine* 

Iridium  (Ir) 

Iron 

Krypton*  (Kr) 

Lanthanum  (La) 

Lead 

Lithium 

Magnesium 

Manganese 

Mercury 

Molybdenum  (Mo) 
Neodymium  (Nd) 
Neon*  (Ne) 

Nickel 

Niobium  (Nb) 
Nitrogen* 

Osmium  (Os) 
Oxygen* 

Palladium  (Pd) 
Phosphorus* 
Platinum  (Pt) 
Potassium 
Praseodymium  (Pr) 
Kadium  (Ra) 
Rhodium  (Kh) 


Rubidium  (Rb) 
Ruthenium  (Ru) 
Samarium  (Sm) 
Scandium  (Sc) 
Selenium*  (Se) 
Silicon* 

Silver 
Sodium 
Strontium 
Sulphur* 
Tantalum  (Ta) 
Tellurium*  (Te)' 
Terbium  (Tb) 
Thallium  ( I'l) 
Thorium  (Th) 
Tin 

Titanium  (Ti) 
Tungsten  (W) 
Uranium  (U) 
Vanadium  (V) 
Xenon*  (Xe) 
Ytterbium  (Yb) 
Yttrium  (Y) 
Zinc 

Zirconium  (Zr) 


The  elements  are  divided  into  two  classes  : viz. 
metals  and  non-metals.  Nineteen  non-metallic  ele- 
ments exist ; they  are  distinguished  in  the  above  list 
by  having  asterisks  attached  to  their  names. 

Metsils  »iic1  iioii-iiiotals. — In  much  about  the 
same  way  that  all  living  things  are  divided  into  two 
great  kingdoms,  the  animal  and  the  vegetable,  so  the 
elements  are  divided  into  two  classes,  metals  and  non- 
metals;  and  just  as  no  single  character  will  distinguish 
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every  member  of  the  animal  kingdom  from  every 
member  of  the  vegetable  kingdom,  so  no  single  char- 
acter is  sufficient  to  distinguish  all  the  metals  from 
all  the  non-metals ; for  the  two  classes  of  elements 
gradually  merge  into  and  blend  with  one  another,  and 
only  the  far-separated  members  of  the  two  classes 
possess  any  well-marked  distinguishing  characters. 
A few  of  the  best-marked  characters,  and  those  that 
may  be  most  readily  recognised,  are  the  following  : — 
Metals  possess,  or  can  be  made  to  possess  by  polish- 
ing or  by  powerful  compression,  a peculiar  surface, 
known  as  metallic  lustre — a property  that  is  well 
known  to  everyone.  It  is  true  that  metals  in  a 
fine  state  of  division,  such  as  the  reduced  iron  of  the 
British  Pharmacopoeia,  do  not  possess  this  lustre,  but 
if  by  powerful  pressure  or  hammering  they  are  com- 
pressed into  a mass,  and  this  mass  be  polished,  the 
metallic  lustre  is  then  developed.  There  are  two  of 
the  common  metals  which  are  coloured  : viz.  copper, 
which  is  of  a reddish  colour,  and  g^old,  which  is  of  a 
yellow  colour.  Non-metals  are  destitute  of  the 
peculiar  surface  known  as  metallic  lustre ; it  is 
impossible  to  develop  a mirror-like  surface  on  a stick 
of  phosphorus  or  on  a piece  of  sulphur ; the  only  non- 
metallic  elements  that  possess  anything  like  a metallic 
lustre  are  iodine  and  carbon  (in  the  form  of  graphite). 
Metals  are  also  good  conductors  of  both  heat  and 
electricity,  whereas  non-metals  are  extremely  bad 
conductors  of  these  two  forces.  The  oxides  of  the 
metals  as  a rule  form  bases,  those  of  the  non-metals 
acids. 

Physical  conditions  of  tlie  elements.— Of 

all  the  elements,  ten  are  gases  ; viz.  hydrogen.,  oxygen, 
nitrogen,  chlorine,  fluorine,  helium,  neon,  krypton, 
xenon,  and  argon.  Two,  mercury  and  bromine,  are 
liquid  at  ordinary  temperatures ; the  remaining 
elements  are  solids.  The  physical  condition  of  any 
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element  can,  however,  be  altered  : for  instance,  the 
elementary  gases  can  be  liquefied  by  subjecting  them 
to  powerful  pressure  and  extreme  cold  ; the  feat  of 
condensing  oxygen  and  nitrogen  to  liquids  was 
accomplished  in  the  latter  part  of  1877  by  Cailletet 
and  by  Pictet,  these  gases  having  up  to  that  time 
resisted  all  attempts  to  liquefy  them.  Hydrogen  has 
been  liquefied  by  Olszewski  and  by  Dewar.  The  two 
liquid  elements,  mercury  and  bromine,  can  in  their 
turn  have  their  physical  condition  altered ; thus,  on 
boiling  them  they  become  converted  into  vapours  or 
gases,  and  by  exposing  them  to  sufficiently  low 
degrees  of  cold,  they  freeze,  or  assume  the  solid  state 
(for  instance,  mercury  frequently  freezes  in  Arctic 
regions).  Most  of  the  solid  elements  undergo  an 
alteration  of  state  on  the  application  of  heat : for  in- 
stance, the  metals  when  heated  melt  or  liquefy,  and 
on  the  further  application  of  an  intense  heat  volatilise 
or  form  vapours. 

SYMBOLS. 

A symbol  is  a shorthand  method  of  representing 
an  element.  ,The  symbol  of  an  element  consists  of 
one  or  two  letters,  derived  generally  from  the  Latin 
name  of  the  element  (the  symbols  for  potassium  and 
sodium  are  derived  from  Arabic  words).  When  the 
symbol  is  composed  of  one  letter  only,  that  letter  is 
the  first  one  that  occurs  in  the  name  {e.g.  the 
symbol  for  hydrogen  is  H,  for  oxygen  O,  for  nitrogen 
N,  for  carbon  C) ; when  the  symbol  is  composed  of 
two  letters,  the  first  letter  is  the  first  one  in  the 
name  and  the  second  is  some  characteristic  letter 
in  the  same  name  {e.g.  the  sjnnbol  for  chlorine  is 
Cl,  for  magnesium  Mg,  for  platinum  Pt).  In  most 
cases  the  Latin  names  are  the  same  as  the  English, 
but  in  a few  cases  they  are  not,  and  these  exceptions 
must  be  well  learnt  in  order  to  remember  the  symbols 
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derived  from  them.  The  following  is  a list  of  those 
elements  whose  Latin  names  differ  from  their  English 
ones ; the  symbols  derived  from  these  Latin  narnes 
are  given  in  the  third  column  : — 


English  Names. 

Latin  Names. 

Symbols. 

Antimony 

Stibium... 

Sb 

Copper  

Cuprum... 

Cii 

Gold 

Aurum  ... 

Au 

Iron  ... 

F errum  . . 

Fe 

Lead  ... 

Plumbum 

Pb 

Mercury 

Hydrargyrum  ... 

Hg 

Potassium 

Kalium  (Arabic  name) . 

K 

Silver 

Argentum 

Ag 

Sodium 

Natrium  (Arabic  name) 

Na 

Tin 

Stannum 

Sn 

The  following  is  a list  of  the  more  common 
elements,  with  their  respective  symbols  and  approxi- 
mate atomic  weights ; an  explanation  of  these  atomic 
weights  will  shortly  be  given,  but  previous  to  reading 
that  explanation  it  will  be  advisable  for  the  student  to 
commit  to  memory  the  atomic  weights  of  the  elements 
given  in  the  list.  The  order  in  which  the  elements 
are  arranged  in  this  table  is  in  that  of  their  atomic 
weights,  commencing  with  hydrogen,  which  possesses 
the  lowest.  This  order  greatly  assists  the  memory,  as 
after  studying  the  list  the  student  is  enabled  to 
picture  mentally  in  what  part  of  the  list  any  par- 
ticular element  occurs,  and  so  a clue  is  gained  as  to 
its  atomic  weight : — 


Elements. 

Symbols. 

Atomic  Weights. 

Hydrogen*  .. 

11* 

1 

Lithium 

Li 

7 

Boron* 

B* 

11 
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Elements. 

Sj’mbols. 

Atomic  Weights 

Carbon* 

c* 

12 

Nitrogen* 

N* 

14 

Oxygen* 

0* 

16 

Sodium 

Na 

23 

Magnesium 

Mg 

24-3 

Aluminium 

A1 

27-1 

Phosphorus*  ... 

P* 

31 

Sulphur* 

S* 

32 

Chlorine* 

Cl* 

35*5 

Potassium  ... 

K 

39T 

Calcium 

Ca 

40T 

Manganese 

Mn 

55 

Iron  ... 

Fe 

56 

Copper 

Cu 

63-6 

Zinc  ... 

Zn 

65-4 

Arsenic 

As 

75 

Bromine* 

Br* 

80 

Silver  ... 

Ag 

108 

Tin  

Sn 

119 

Antimony 

Sb 

120-2 

Iodine* 

I* 

127 

Barium 

Ba 

137-4 

Mercury 

Hg 

200 

Lead  ... 

Pb 

207 

Bismuth  ...  

Bi 

208-5 

The  elements  to  which  asterisks  are  attached  are  the  non-metallio 

elements. 


THE  ATOMIC  THEORY. 

The  student  having  now  become  acquainted  with 
the  differences  existing  between  elements  and  com- 
pounds, the  next  subject  to  be  considered  is  the  prevail- 
ing theory  with  regard  to  the  constitution  of  matter. 

It  is  a familiar  fact  that  most  solid  substances  can, 
by  mechanical  means,  be  reduced  to  an  extremely  fine 
powder,  but  tlie  particles  of  the  finest  powder  when 
viewed  under  the  microscope  are  seen  in  the  form  of 
little  masses ; that  is,  they  are  still  capable  of  further 
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division.  Now,  the  question  that  for  ages  has  been 
before  the  minds  of  philosophers  and  chemists  is — 
whether  matter  is  really  infinitely  divisible,  or 
whether  there  is  a point  at  which  the  divisibility 
of  matter  ceases.  The  latter  idea  is  the  prevalent 
one,  and  for  the  exposition  and  adaptation  of  it 
to  the  laws  of  chemical  combination  we  are  in- 
debted to  Dalton.  The  atomic  theory,  which  is 
known  as  “ Dalton’s  atomic  hypothesis,”  regards 
matter  as  being  composed  of  indivisible  particles, 
called  atoms  (the  term  atom  is  derived  from  the 
Greek  word  aTojjog,  indivisible).  By  assigning  to 
each  atom  a relative  weight  as  compared  with  the 
weight  of  other  atoms,  Dalton  was  enabled  to  throw 
great  light  on,  and  produce  satisfactory  reasons 
for,  all  the  observed  numerical  laws  of  chemical 
combination  (which  will  shortly  come  under  our 
consideration). 

According  to  recent  physical  work,  atoms  contain 
infinitely  smaller  things  called  “ elektrons  ” ; a single 
atom  of  hydrogen  contains  1,000  elektrons,  and  the 
relative  size  of  an  atom  to  an  elektron  is  as  a building 
160  X 80  X 40  feet  to  the  size  of  the  “ full  stop  ” used 
in  printing.  These  elektrons  do  not  seem  to  consist 
of  matter,  but  are  charges  of  electricity  moving  with 
enormous  velocity.  They  are  emitted  by  radium, 
the  discharge  in  a Crookes  tube,  etc. 

An  atom  is  the  smallest  proportion  by  weight 
in  which  an  element  enters  into,  or  is  expelled 
from,  a chemical  compound,  the  smallest  weight 
of  hydrogen  so  entering  or  leaving  a chemical  com- 
pound being  taken  as  unity.  More  briefly,  an 
atom  may  be  defined  as  the  smallest  quantity  of 
an  element  that  is  capable  of  existing.  A molecule 
(the  word  molecule  means  a small  mass)  is  the  smallest 
quantity  of  a body,  elementary  or  comyiound,  that  is 
capalile  of  existing  in  the  free  state. 
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In  the  case  of  three  elements,  a molecule  consists 
of  one  atom  only : viz.  mercury  (Hg),  zinc  (Zn),  and 
cadmium  (Cd) ; the  molecules  of  other  elements  con- 
tain two  or  more  atoms,  as  Hg.Og.Clg.Bro,  12583  (above 
500°),  Segj  the  only  elementary  bodies  containing 
four  atoms  in  the  molecule  are  phosphorus  and 
arsenic ; the  molecule  of  phosphorus  is  therefore 
represented  as  and  that  of  arsenic  as  As^. 

Ozone,  which  is  a modified  or  condensed  form  of 
oxygen,  contains  three  atoms  in  the  molecule,  and  is 
represented  as  O3.  Sulphur  at  500°  contains  six 
atoms  in  the  molecule,  Sg. 

Compounds  are  formed  by  the  union  of  the  atoms 
of  different  elements,  and  the  smallest  possible  quan- 
tity of  any  compound — that  is,  the  molecule  of  any 
compound — must  contain  at  least  two  different  atoms. 
As  an  example  of  a compound,  the  molecule  of  which 
only  contains  two  elementary  atoms,  common  salt 
(chloride  of  sodium)  may  be  taken.  This  compound 
possesses  an  atom  of  sodium  and  an  atom  of  chlorine 
in  the  molecule,  which  is  therefore  represented  as 
NaCl.  The  number  of  atoms  in  the  molecule  of  a 
compound  is  unlimited,  some  molecules  containing  a 
very  large  number,  as  the  student  will  notice  as  he 
proceeds  with  the  study  of  Chemistry. 

ATOMIC  WEIGHTS. 

Every  element  has  its  own  atom  peculiar  in  pro- 
perties and  weight.  The  atomic  weights  of  the  ele- 
ments represent  : — 

1.  The  relative  weights  of  the  atoms  (H  = l). 

2.  The  smallest  quantity  by  weight  which  can 
enter  or  leave  a chemical  compound  (the  smallest 
quantity  of  Hydrogen  so  entering  or  leaving  =1). 

3.  The  specific  gravity  of  the  element  (if  gaseous 
at  Ol  dinary  temperatures)  (H=l). 
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4.  The  number  obtained  by  dividing  6 4 by  the 
specific  heat  of  the  element  in  the  solid  state. 

(1)  Consideration  of  tlic  atomic  weig^hts 
of  the  elements  as  their  relative  weights. — 

It  must  not  be  supposed  that  the  atomic  weights  of 
the  elements  represent  any  actual  weights ; the  weights 
are  only  comparative  or  relative  to  one  another.  For 
example,  if  equal  volumes  of  hydrogen  and  oxygen 
be  taken  at  the  same  temperature  and  under  the 
same  atmospheric  pressure,  it  will  be  found  that  tlie 
bulk  of  oxygen  is  sixteen  times  as  heavy  as  the  equal 
bulk  of  hydrogen.  Now,  hydrogen  being  the  lightest 
element,  it  is  convenient  to  take  it  as  the  unit  of  the 
scale,  because  its  combining  weight  is  smaller  than 
that  of  any  other  element ; but  this  is  merely  a matter 
of  convenience.  Taking,  therefore,  the  atomic  weight 
of  hydrogen  as  1,  the  relative  or  atomic  weight  of 
oxygen  will  be  16  ; nitrogen  is  fourteen  times  heavier 
than  hydrogen,  and  therefore  its  atomic  or  relative 
weight  is  14.  One  important  point  must  be  con 
sidered  here  and  may  have  been  noticed  by  the  stu- 
dent : and  that  is,  that  in  deducing  the  atomic  weights 
of  hydrogen  and  oxygen  from  the  relative  weights  of 
equal  bulks  of  the  gases,  it  is  apparently  assumed 
that  a volume  of  hydrogen  gas  contains  just  as  many 
molecules  as  an  equal  volume  of  oxygen,  when  the  two 
gases  are  measured  at  the  same  temperature  and  under 
the  same  atmospheric  pressure ; for  if  the  equal 
volumes  of  the  two  gases  did  not  contain  an  equal 
number  of  units,  then  the  units  of  the  two  gases 
could  not  possess  the  relative  weights  that  the  equal 
bulks  of  gases  bear  to  one  another.  This  important 
point  is  something  more  than  an  assumption,  for  it 
admits  of  experimental  proof ; it  has  been  investigated 
by  Avogadro  and  Ampere,  and  the  following  hypo- 
thesis bears  their  names. 

Avogadro  and  Amp^re^s  liypottiesifs>.  — 


Chemistry, 


[Part  I. 


i8 

Equal  volumes  of  different  gases,  at  equal  pressures 
and  temperatures,  contain  equal  numbers  of  molecules. 
As  proof  of  this  hypothesis,  there  is  the  fact  that  all 
gases  are  equally  affected  in  volume  by  variations  of 
pressure  and  temperature,  physical  agencies  such  as 
heat  and  pressure  not  affecting  the  volume  of  mole- 
cules, but  only  their  distance  from  one  another. 
Thus  the  heat  that  is  necessary  to  cause  half  a pint  of 
oxygen  to  expand  to  one  pint  also  causes  half  a pint 
of  hydrogen  to  expand  to  just  one  pint ; and  the 
pressure  that  is  necessary  to  compress  a pint  of 
oxygen  to  half  a pint  will  also  compress  a pint  of 
hydrogen  to  half  a pint.  Now  it  is  not  conceivable 
that  the  two  gases  could  behave  in  such  a similar 
manner,  unless  they  contained  equal  numbers  of  mole- 
cules in  equal  bulks. 

(2)  Consideration  of  the  atomic  weights 
of  the  elements  as  their  combining  weights. 

— The  most  important  fact  to  be  remembered  by  the 
student  in  connection  with  the  atomic  weights  of  the 
elements  is,  ’that  they  represent  the  proportions  in 
which  the  elements  unite  with  one  another  to  form 
compounds,  or  the  proportions  in  which  they  displace 
one  another  in  compounds.  Thus  in  the  case  of 
chloride  of  sodium  (common  salt),  23  parts  by  weight 
of  sodium  unite  with  35 ’5  parts  by  weight  of  chlorine, 
and  the  two  elements  will  only  unite  together  in  these 
proportions.  If  35 '5  grains  of  chlorine  be  brought  in 
contact  with  23  grains  of  sodium,  the.  two  will  com- 
bine and  form  58 ‘5  grains  of  chloride  of  sodium ; but 
if  more  chlorine,  say  50  grains,  be  brought  in  contact 
with  23  grains  of  sodium,  then  the  23  grains  of  sodium 
will  only  unite  with  35 ‘5  grains  of  chlorine,  and  14*5 
grains  of  chlorine  (the  remainder  of  the  50  grains) 
will  be  left  in  the  free  state.  In  like  manner,  if  35 ‘5 
grains  of  chlorine  be  brought  in  contact  with  more 
than  23  grains  of  sodium,  then  the  35 ‘5  grains  of 


Chap.  II.]  Laws  of  Chemical  Combination,  19 

chlorine  will  only  be  capable  of  uniting  with  23  grains 
of  sodium,  and  the  remainder  of  the  sodium  will  be 
left  unattacked. 

It  will  presently  be  shown  that  two  elements  are 
capable  of  uniting  in  different  proportions  to  form 
different  compounds,  but  the  student  will  then  notice 
that  the  varying  proportions  in  which  two  elements 
unite  with  one  another  are  always  expressed  by  simple 
multiples  of  their  atomic  weights. 

With  regard  to  “ 4,”  it  may  be  remarked  that  the 
specific  heats  of  the  elements  are  the  relative  amounts 
of  heat  required  to  raise  equal  weights  through  1°  Cent. 
In  1819  Dulong  and  Petit  discovered  that  by  multi- 
plying the  atomic  weights  of  the  solid  elements  by 
their  respective  specific  heats  they  obtained  a constant 
product  (about  6*4).  Thus  : 

silvei’,  108  X 0'057  = 6‘15. 
tin,  118  X 0-0562  = 6’6,  etc. 

THE  LAWS  OF  CHEMICAL  COMBINATION. 

The  following  are  the  three  laws  that  regulate 
the  combination  of  elements  to  form  compounds : — 

1st  law.  Tlie  same  cliemical  compound 
always  contains  the  same  elements,  united 

in  the  same  proportions.— This  law  declares  that 
a chemical  compound  always  possesses  an  unvarying 
composition.  For  instance,  from  whatever  part  of 
the  globe  chloride  of  sodium  (common  salt)  be  obtained, 
or  by  whatever  method  it  may  be  manufactured,  it 
will  always  be  found  on  analysis  to  contain  23  parts 
by  weight  of  sodium  to  35-5  parts  by  weight  of 
chlorine,  and  these  proportions  will  never  vary  in  the 
compound.  Again,  if  pure  water  be  obtained  from 
any  source,  and  analysed,  it  will  be  found  to  contain 
2 parts  by  weight  of  hydrogen  to  16  parts  by  weight 
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of  oxygen,  and  in  all  samples  of  water  these  propor- 
tions are  invariable. 

This  law,  although  a very  simple  one,  is  an  ex- 
tremely important  one,  for  it  confers  on  Chemistry 
the  dignity  of  an  exact  science  ; — 

2nd  Law.  When  two  elements  A and 
B unite  to  form  several  compounds,  the 
various  weig^hts  of  B,  which  combine  with 
a fixed  weight  of  A,  are  simple  multiples  of 
the  smallest  weight  of  B so  combining. — 
Thus  take  the  two  oxides  of  carbon  as  an  example  : 
in  one,  100  parts  by  weight  of  carbon  are  combined 
with  133-3  parts  of  oxygen,  in  the  other  with  266‘7 
parts  of  oxygen;  now  133  : 266  : : 1 ; 2,  and  the 
formulas  are  CO  and  COg.  Again,  in  the  five  com- 
pounds of  nitrogen  with  oxygen,  the  various  weights 
of  oxygen  combined  with  100  parts  by  weight  of  nitro- 
gen are  57,  114,  171,  228,  285.  It  is  obvious  that 
these  various  weights  of  oxygen  are  as  1 : 2 : 3 : 4 : 5, 
and  their  composition  would  be  AB,  ABo,  ABg,  AB^, 
ABg.  For  several  reasons  A is  taken  as  No,  and  the 
real  formulae  are  NgO,  NoOo,  N0O3,  NoO^,  NgOg. 

This  second  law  of  chemical  combination  is  an 
extremely  important  one,  as  it  adds  great  weight  to 
the  idea  of  the  existence  of  atoms ; for,  since  an  atom 
is  supposed  to  be  indivisible,  it  is  easy  to  understand 
why,  in  cases  where  several  compounds  of  the  same 
elements  exist,  the  increase  is  always  in  some  simple 
multiple  of  the  combining  weight,  in  other  words, 
there  is  no  halving  nor  quartering  of  atoms  ; in  fact, 
the  theory  of  the  existence  of  atoms  is  perfectly  in 
harmony  with  the  law  of  multiple  proportions  that 
has  just  been  explained. 

3rd  law.  The  proportions  in  which  any 
two  elements  unite  with  a third  are  the 
same  proportions  in  which  they  unite  with 
each  other,  or  simple  multiples  of  those 
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proportions. — For  example,  39  parts  of  potassium 
unite  with  35 '5  parts  of  chlorine  to  form  chloride  of 
potassium,  and  39  parts  of  potassium  unite  with  127 
parts  of  iodine  to  form  iodide  of  potassium  ; therefore 
35 '5  parts  of  chlorine  would  unite  with  127  parts  of 
iodine  to  form  a compound  of  iodine  with  chlorine 
(chloride  of  iodine).  In  this  case,  the  proportions  in 
which  the  two  elements  chlorine  and  iodine  unite 
with  the  third  element  potassium  are  the  same  pro- 
portions in  which  they  unite  with  each  other. 

These  three  laws  are  sometimes  called  respec- 
tively : 

1.  The  law  of  constant  proportions. 

2.  The  law  of  multiple  proportions. 

3.  The  law  of  reciprocal  proportions. 

The  discovery  of  the  second  law,  the  law  of 
multiple  proportions,  by  Dalton  in  1804,  was  of  the 
highest  importance ; before  Dalton’s  time  the  com- 
position of  a substance  was  expressed  in  percentage 
numbers.  Thus  the  two  oxides  of  carbon  : 

Carbonic  oxide,  42’86%  carbon  and  57' 14%  oxygen. 

Carbon  dioxide,  27'27%  carbon  ,,  72-73%  oxygen. 

And  again,  two  of  the  hydrocarbons  : 

Olefiant  gas,  85-7%  carbon  and  14 ‘3%  hydrogen. 

Marsh  gas,  75-0%  carbon  ,,  25-0%  hydrogen. 

Dalton  was  apparently  the  first  to  notice  that  in 
olefiant  gas  one  part  of  hydrogen  was  united  to  six 
parts  by  weight  of  carbon,  and  that  in  marsh  gas 
two  of  hydrogen  were  united  to  six  parts  of  carbon, 
and  to  appreciate  the  importance  of  this  fact.  Again, 
in  carbonic  oxide  6 parts  of  carbon  unite  with  8 of 
oxygen,  and  in  carbon  dioxide  6 parts  of  carbon  unite 
with  16  of  oxygen.  This  he  explained  by  assuming 
that  the  (relative)  weight  of  the  carbon  atom  wasj 
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6,  and  that  of  the  oxygen  atom  was  8,  and  that  in 
carbonic  oxide  we  had  1 atom  of  each  element  present, 
and  in  the  dioxide  1 atom  of  carbon  to  2 atoms  of 
oxygen,  which  facts  could  be  easily  symbolised  by 
the  formulae  CO  and  COo.  (For  reasons  given  in 
subsequent  }>ages  the  above  atomic  weights  have  been 
doubled.) 

Law  of  voliiiiies  of  Oay  Liissac  and 
Ifiimboldt.— There  is  a simple  relation  be- 
tween the  volnmes  of  g:ases  which  combine 
to  form  a chemical  compound,  and  a similar 
simple  relation  exists  between  the  volumes 
of  the  combining:  gases  and  that  of  the  re- 
sulting gaseous  compound. — Thus  one  volume 
of  hydrogen  unites  with  one  volume  of  chlorine  to 
form  TWO  volumes  of  hydrogen  chloride.  Two  volumes 
of  hydrogen  unite  with  one  volume  of  oxygen  to  form 
TWO  volumes  of  steam.  One  volume  of  nitrogen  unites 
with  three  volumes  of  hydrogen  to  form  two  volumes 
of  ammonia.  In  these  examples  the  simplicity  of  the 
volumes  combining  is  evident,  1:1,  1:2,  1:3,  and 
in  all  cases  two  volumes  are  formed.  It  follows  from 
the  above  that  the  weights  of  equal  volumes  of 

ALL  GASES  ARE  PROPORTIONAL  TO  THEIR  COMBINING 
WEIGHTS,  OR  ARE  A SIMPLE  MULTIPLE  THEREOF. 

On  page  18,  Avogadro’s  hypothesis  was  enunciated 
“ that  equal  volumes  of  all  gases  contain  the  same 
number  of  molecules  ” (at  the  same  temperature  and 
pressure).  Some  important  deductions  from  this  law 
will  now  be  considered. 

If  we  conceive  a cubical  box  of  a certain  size  filled 
with  hydrogen,  and  a box  of  exactly  the  same  size 
filled  with  chlorine,  according  to  the  above  law  these 
boxes  will  each  contain  exactly  the  .‘a  no  number  of 
particles.  Suppose  the  number  of  particles  of  hydrogen 
to  be  1,000,  then  the  numbei-  of  particles  of  chlorine 
will  also  be  1,000.  Now,  if  we  cause  these  volumes 
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of  hydrogen  and  chlorine  to  combine  by  mixing  them 
and  exposing  them  to  daylight  we  shall  obtain,  as  a 
matter  of  fact,  a volume  of  hydrogen  chloride  gas 
exactly  double  that  of  the  hydrogen  originally  taken. 
As  the  volume  of  the  hydrogen  chloride  is  twice  that 
of  the  hydrogen,  it  must  contain  twice  as  many 
particles,  that  is  2,000,  and  each  and  every  one  of 
these  particles  of  HCl  contains  both  hydrogen  and 
chlorine,  therefore  there  must  be  2,000  particles  of 
H and  2,000  of  Cl  in  the  2,000  of  HCl,  and  these 
were  derived  respectively  from  the  1,000  particles  of 
free  hydrogen  and  the  1,000  particles  of  free  chlorine. 
It  follows,  therefore,  that  each  particle  of  free  hydrogen 
divided  into  two  particles  when  it  combined  with  the 
chlorine,  and  that  each  particle  of  free  chlorine  similarly 
divided  into  two  when  it  combined  with  the  hydrogen. 
The  particle  of  free  hydrogen  is  called  a molecule,  and 
the  two  particles  into  which  it  splits  are  called  atoms, 
and  we  say  that  the  molecule  of  hydrogen  contains 
two  atoms,  and  we  write  the  symbol  for  the  molecule 
Hg ; similarly  the  molecule  of  chlorine  is  Clg.  In  a 
similar  way  it  can  be  shown  that  the  molecule  of 
oxygen  and  of  some  other  elements  contains  two  atoms. 

Another  important  deduction  is  the  following  : — 

As  equal  volumes  of  all  gases  contain  the  same 
number  of  molecules,  the  weights  of  equal  volumes  of 
gases  must  be  proportional  to  the  weights  of  their 
respective  molecules. 

Now,  we  have  just  seen  that  the  weight  of  the 
molecule  of  hydrogen  is  twice  that  of  the  atom  ; if  we 
assume  the  weight  of  the  atom  of  hydrogen  to  be  1, 
the  molecular  weight  will  be  2,  and  if  we  take  the 
specific  gravity  of  hydrogen  as  our  unit  for  the 
specific  gravity  of  gases,  then 

c,  £ tt  molecular  weight 

bp,  gr.  or  H = 5 — , 

2 

As  the  specific  gravities  of  all  gases  are  proportional 
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to  their  molecular  weights,  the  same  argument  holds, 
and  so  we  may  say  that 


the  sp.  g^r.  ot  any  gas  \ 
or  vapour  i 

or,  the  molecular 
weight 


iiioleciilar  weight 


sp.  gr.  (H  = 1)  X 2. 


We  thus  have  a means  of  finding  the  molecular 
weight  of  any  substance  if  we  can  obtain  it  as  a gas 
or  vapour,,  and  determine  its  specific  gravity  in  that 
state. 

The  sp.  gr.  of  O is  16,  and  its  molecular  weight  32, 
its  atomic  weight  16,  and  its  molecule  Oo,  since 


Sp.  gr.  of  bromine  is  80,  m.  w.  160,  Brg. 

Sp.  gr.  of  mercury  vapour  is  100,  m.  w.  200,  and  as 
its  molecular  weight  and  atomic  weight  are  identical, 


its  molecule  contains  but  one  atom 


/200 

V200 


and 


its  molecule  is  Hg,  the  same  as  its  atom. 

In  the  same  way  the  molecules  of  zinc,  cadmium, 
potassium,  and  sodium  are  found  to  contain  but  one 
atom,  Zn,  Cd,  K,  Na. 

Sp.  gr.  of  phosphorus  vapour  is  62,  m.  w.  124,  now 


the  atomic  weight  is  31,  and 


124 

31 


therefore  the  molecule  of  phosphorus  contains  four 
atoms,  P4, ; in  a similar  way,  the  molecule  of  arsenic 
is  found  to  be  As,^. 

Many  elements,  as  platinum,  gold,  iron,  etc.,  have 
not  had  their  vapour  densities  satisfactorily  deter- 
mined, owing  to  the  high  temperature  required  to 
effect  their  volatilisation,  and  we  are  therefore  ignorant 
of  their  molecular  weights. 

The  following  table  gives  a list  of  those  elements 
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whose  vapour  density  has  been  determined,  and 
the  symbols  of  their  molecules  deduced  there- 
from ; — 


H2 

O2 

N2 

F2 

CI2 

Bfo 


Sg  below 


So 


Sp.  Gr. 

Sp.  Gr. 

1 

Seo 

79 

16 

P4 

62 

14 

AS4 

...  150 

19 

Na, 

11*5 

35-5 

19-5 

80 

Ziij 

32-5 

127 

Cd. 

...  56 

500"  96 
° 32 

Hgi 

...  100 

It  will  be  observed  that  nine  elements  have  two 
atoms  in  the  molecule,  five  have  only  one,  two  have 
four,  one  has  six  ; in  addition,  it  may  be  mentioned 
that  the  molecule  of  ozone,  a special  form  of  oxygen, 
has  three,  O3. 

There  is  a second  method  of  determining  the 
molecular  weights  of  substances,  by  noting  the  de- 
pression of  the  freezing  point  of  a solvent  (water, 
benzene  or  glacial  acetic  acid)  when  the  substances 
are  dissolved  in  it.  Raoult  has  proved  that  when 
molecular  weights  of  different  substances  are  dissolved 
in  the  same  amount  of  a solvent,  they  show  the  same 
depression  of  their  freezing  points.  Glacial  acetic 
acid  is  the  solvent  usually  employed,  and  the  method 
has  been  chiefly  used  for  organic  substances ; when 
glacial  acetic  acid  is  used. 


grammes  of  substance  in 

, , . , ^ 100  grammes  of  solvent 

the  molecular  weight  = dy  x n — r = ^ 

^ the  depression  in  freez- 

ing point 

{see  Organic  Chemistry,  Chapter  II.). 

The  statement  that  the  specific  gravity  of  a gas  or 
vapour  is  one  half  its  molecular  weight,  holds  good 
for  compounds  as  well  as  elements ; thus  the  specific 


26 


Chemistry. 


[Part  I. 


gravity  of  ammonia  (NHg) 


of  alcohol 


vapour  (C3HgO),  ^ = 23 ; of  carbon  dioxide  (COo), 


— = 22.  There  are  some  a'pparent  exceptions  to 

this  law  in  the  case  of  ammonium  chloride,  calomel, 
etc.,  which  will  be  discussed  hereafter. 

It  will  be  convenient  here  to  distinguish  between 
atomic  weight,  molecular  weight,  and  equivalent 
weight. 


Atomic  weight  applies  only  to  elements,  and 
has  already  been  defined  and  discussed  on  p.  16. 

Itlolecular  weight. — The  molecular  weight  of 
any  body  (solid,  liquid,  or  gas)  is  the  sum  of  the 
atomic  weights  of  the  elements  composing  its  mole- 
cule. Thus,  the  molecular  weight  of  oxygen  is  32. 


Oo  = 16  X 2 32. 


The  molecular  weight  of  hydrochloric  acid  is  36 ‘5. 

H = 1 
Cl  = 35-5 

36-5 

The  molecular  weight  of  a substance  also  equals 
its  specific  gravity,  in  the  gaseous  state,  x 2 (H  = 1). 

Thus  the  sp.  gr.  of  ammonia  is  8 ’5,  and  its  mole- 
cular weight  8 ’5  x 2 = 17. 

Again,  the  sp.  gr.  of  nitric  oxide  is  15,  and  its 
molecular  weight  =15  X 2 = 30. 

Equivalent  weight  is  the  weight  of  an  element 
or  radicle  which  can  replace  or  combine  witli  one  part 
hy  weight  of  hydrogen,  and  can  be  shortly  expressed 
thus  : — 
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„ . , ^ . 1 , Atomic  weight. 

Equivalent  weight  =:  - — — 

^ Active  valency. 

Thus,  ox}7-gen  at  weight  16,  valency  2,  equivalent 
weight  = = 8,  or  eight  parts  by  weight  of  oxygen 

will  combine  with  one  part  by  weight  of  hydrogen, 
as  in  water  HoO.  Again,  if  we  place  a bar  of  bright 
iron  in  a solution  of  copper  sulphate,  the  iron  will 
dissolve  and  the  copper  will  be  deposited  in  equivalent 
weights.  The  atomic  weight  of  iron  is  56,  and  in 
the  ferrous  state  it  is  divalent.  Atomic  weight  of 
copper  is  63 ’5,  and  it  is  divalent.  So  equivalent 


56 

weights  will  be  — - and 


63-5 

2 


or,  in  other  words,  28 


parts  of  iron  will  be  dissolved  in  order  to  deposit 
31  "75  parts  of  copper. 

Equivalent  weights  are  important,  because  they 
are  the  weights  of  elements  and  radicles  which  are 
liberated  when  an  electric  current  is  passed  through 
a series  of  solutions.  Thus,  if  we  send  a current 
through  four  vessels,  containing  respectively  : (1) 

acidulated  water;  (2)  salt  solution,  NaCl ; (3)  copper 
sulphate  solution,  CuSO^;  (4)  gold  cyanide  solution 
Au(CN)3  i 1 gramme  of  hydrogen  is  liberated  in 
the  first  vessel,  we  shall  have  in  the  second  23 
grammes  of  sodium  and  35 ’5  grammes  of  chlorine,  in 


the  third 
the  fourth 


63-5 

2 

197 

3 


= 31 ’7 5 grammes  of  copper,  and  in 
= 65-7  grammes  of  gold. 


An  element  can  only  have  one  atomic  weight,  but 
it  may  have  several  equivalent  weights,  because  its 
valency  may  vary.  Thus,  the  equivalent  weight  of 


iron  in  the  ferrous  salts  is 
salts,  ~ = 18 '6. 

O 


in  the  ferric 


28 


CHAPTER  III. 

QUANTIVALENCE — RADICLES — ACIDS,  BASES,  SALTS. 

Quantivalence,  Atomicity,  or  Valency — Change  or  Variation  of 
Valency — Acidulous  Radicles — Elementary  Radicles— Com- 
pound Radicles — Quantivalence  or  Basicity  of  Acidulous 
Radicles — Acids — Bases — Salts. 

QUANTIVALENCE,  ATOMICITY,  OR 

VALENCY. 

By  the  quantivalence  or  atomicity  of  an  element 
is  meant  its  atom-fixing  power  : that  is,  the  equivalent 
or  saturating  value  possessed  by  the  atom  of  an  ele- 
ment, represented  by  the  number  of  atoms  of  hydrogen 
to  which  it  is  equivalent.  Thus,  chlorine  combines 
with  but  one  atom  of  hydrogen,  as  in  HCl ; oxygen 
combines  with  two  atoms  of  hydrogen,  as  in  HoO  ; 
nitrogen  with  three,  NHg  ; carbon  with  four,  CH^,  etc. 

Any  dyad  or  bivalent  element  possesses  twice  the 
atom-fixing  power  of  a monad  or  univalent  element. 
A triad  or  trivalent  element  possesses  three  times 
the  atom-fixing  power  of  a monad  element,  so  that 
one  atom  of  a triad  will  combine  with  and  saturate 
three  atoms  of  a monad.  Example. — Chloride  of 
bismuth  (BiClg)  consists  of  one  atom  of  the  triad 
element  bismuth  united  with  three  atoms  of  the 
monad  element  chlorine. 

The  combination  of  a dyad  with  a triad  does  not  at 
first  seem  so  easy,  but  bearing  in  mind  that  a triad 
possesses  an  atom-fixing  power  represented  by  three, 
as  compared  with  a dyad,  which  possesses  an  atom- 
fixing power  represented  by  two,  evidently,  then,  two 
atoms  of  a triad  will  unite  with  and  satisfy  three 
atoms  of  a dyad,  for  they  will  then  both  possess  an 
equal  atom-fixing  power,  represented  by  six;  just 
as  two  threepenny  pieces  would  be  equal  in  value 
to  three  twopenny  pieces.  Example. — Oxide  of  bis- 
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Sexivalents  or 
Hexads. 

Sulphur S 

Chromium...  Cr 
Manganese  Mn 

Quinquivalents  or 
Pentads. 

— 

Nitrogen  ...N 
Phosphorus  P 

Arsenic As 

Antimony  ,..Sb 

Quadrivalents  or 
Tetrads. 

Carhon  C 

Silicon  Si 

Tin Sn 

Platinum  ...Pt 

Sulphur* S 

Chromium*  ...Cr 
Manganese* . . . Mn 

1 

Trivalents  or 
Triads. 

Aluminium..  A 1 

Boron B 

Ii'on  Fe 

Gold  Au 

Bismuth  ...Bi 
Nitrogen*  ...N 
Phosphorus*  P 
Arsenic*  ...As 
Antimong*...S\> 

Bivalents  or 
Dyads. 

Oxygen 0 

Barium  Ba 

Calcium Ca 

Strontium ...  Sr 
Magnesium . . Mg 

Zinc  Zn 

Copper  Cu 

Lead  Pb 

Mercury  ...Hg 
Cadmium  ...Cd 
Sulphur*  ..S 
Chromium* ..  .Cr 
Manganese* . . Mn 

Carbon*  C 

Iron*  Fe 

(in  ferrous  salts). 

Tin*  Sn 

(in  stannous  salts). 

Univalents  or 
Monads. 

Hydi'Ogen  ...H 
Chlorine  ......Cl 

Bromine Br 

Iodine I 

Fluorine F 

Potassium  ...K 

Sodium  Na 

Lithium Li 

Silver Ag 

Nitrogen*  ...N 

See  page  32. 
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rnutli  (BioO.^)  consists  of  two  atoms  of  the  triad 
bismuth  united  with  three  atoms  of  the  dyad  oxygen. 

One  atom  of  a tetrad  or  quadrivalent  element  will 
combine  with  and  saturate  four  atoms  of  a univalent 
element,  or  two  atoms  of  a dyad  or  bivalent  element. 
Examples. — Perchloride  of  platinum  (PtCl^)  consists 
of  one  atom  of  the  tetrad  platinum  united  with  four 
atoms  of  the  monad  chlorine.  Carbonic  acid  gas 
(COo)  consists  of  one  atom  of  the  tetrad  carbon 
united  with  two  atoms  of  the  dyad  oxygen. 

One  atom  of  a pentad  or  quinquivalent  element 
is  capable  of  uniting  with  and  saturating  five  atoms 
of  a monad  or  univalent  element.  Example. — Penta- 
chloride  of  phosphorus  (PCI5)  consists  of  one  atom  of 
the  pentad  phosphorus  united  with  five  atoms  of  the 
monad  chlorine.  When  a pentad  unites  with  a dyad, 
two  atoms  of  the  pentad  will  satisfy  and  saturate  five 
atoms  of  the  dyad,  for  two  atoms  of  a pentad  will 
possess  an  atom-fixing  power  equal  to  five  atoms  of 
a dyad,  since  they  will  then  both  possess  an  equal 
atom-fixing  power,  represented  by  ten,  just  as  two 
fivepenny  pieces  would  be  equal  in  value  to  five  two- 
penny pieces.  Example.  — Phosphoric  anhydride 
(PgOg)  consists  of  two  atoms  of  the  pentad  phosphorus 
united  with  five  atoms  of  the  dyad  oxygen. 

Lastly,  a hexad  or  sexivalent  element  is  one  that 
possesses  six  times  the  atom-fixing  power  of  a monad 
or  univalent  element,  or  three  times  the  atom-fixing 
power  of  a dyad,  and  so  on.  Examples. — Fluoride 
of  chromium  (CrFg)  consists  of  one  atom  of  the  hexad 
chromium  united  with  six  atoms  of  the  monad  fluorine. 
Chromic  anhydride  (CrOg)  consists  of  one  atom  of  the 
liexad  chromium  united  with  three  atoms  of  the  dyad 
oxygen. 

The  quanti valence  or  atomicity  of  an  element  is 
sometimes  represented  by  small  dashes  or  by  Roman 
numerals  placed  over  its  symbol,  thus  : 
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Monad  or  univalent  ...  ...  ...  H* 

Dyad  or  bivalent ...  ...  ...  ...  0*^ 

Triad  or  trivalent  ...  ...  ...  Bi*'* 

Tetrad  or  quadrivalent  ...  ...  ... 

Pentad  or  quinquivalent...  ...  ...  P'^ 

Hcxad  or  sexivalent  ...  ...  ...  Cr'^^ 


Graphic  Representation  of  the  Quantivalence 
on  Atomicity  of  the  Elements. 

The  quantivalence  of  an  element  may  be  repre- 
sented graphically  by  fixing  to  its  symbol  lines  corre- 
sponding in  number  to  the  degree  of  its  atom-fixing 
power.  A monad  is  represented  as  possessing  one 
arm,  a dyad  as  possessing  two  arms,  a triad  as  pos- 
sessing three  arms,  and  so  on  ; thus  : 

EC 

I 

Triad Bi 

Tetrad  


Pentad 


Hexad 

% 

It  is  scarcely  necessary  to  caution  the  student 
against  supposing  that  elements  actually  have  arms 
projecting  from  them  ; all  that  we  know  is  that  such 


I 

-Si  — 

I 

I 

^ p 
/ \ 
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an  element  as  oxygen  possesses  twice  the  atom-fixing 
power  of  hydrogen,  and  the  graphic  symbols  serve 
the  purpose  of  showing  how  one  atom  of  oxygen  is 
capable  of  uniting  with  two  atoms  of  hydrogen  ; they 
reju’esent  in  a manner  that  at  once  appeals  to  the 
mind  of  the  student  how  different  elements  are  capa- 
ble of  exerting  different  atom-fixing  powers.  These 
hypothetical  arms  are  generally  spoken  of  and  written 
of  as  “bonds,”  but  the  term  “bond  ” is  open  to  some 
objection,  and  the  better  and  less  objectionable  term 
“ affinity  ” will  therefore  be  used  in  this  book.  Thus, 
a monad  possesses  one  affinity,  a dyad  two  affinities, 
a triad  three  affinities,  and  so  on. 

€hang:e  or  variation  of  qiiaiitivalence. — 

It  will  be  noticed  in  the  table  of  the  elements  arranged 
according  to  quantivalence  on  page  29?^  that  frequently 
an  element  is  inserted  in  more  than  one  column,  that 
is,  apparently  possesses  more  than  one  quantivalence ; 
an  explanation  of  the  reason  why  an  element  is 
capable  of  exerting  different  atom-fixing  powers  will 
now  be  given.  It  should  be  noticed  in  the  table  re- 
ferred to,  that  when  an  element  is  not  exerting  its 
full  quantivalence,  it  is  distinguished  by  being  printed 
in  italics  and  by  having  an  asterisk  attached  to  its 
name. 

The  commoner  elements  that  possess  varying 
quantivalences  are  : 


[Sulphur,  which  acts  as  a hexad,  tetrad^  and  dyad. 
Chromium  „ „ „ ,, 

Manganese  „ „ ,,  ,, 

Nitrogen,  which  acts  as  a pentad,  triad,  and  monad. 
C Phosphorus,  which  acts  as  a pentad  and  triad. 
j Arsenic  „ ,,  „ 

(Antimony  ,,  „ „ 

1 Carbon,  which  acts  as  a tetrad  and  dyad. 

V Iron  „ ,,  triad 

{ Tin  „ ,,  tetrad 


yr 
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As  an  example  of  the  first  group,  the  members  of 
which  can  act  as  hexads,  tetrads,  or  dyads,  we  will 


Now,  supposing  two  of  the  six  affinities  cease  to 
exert  their  atom-fixing  power,  which  can  be  imagined 
by  supposing  a pair  of  affinities  to  grasp  one  another 
and  so  neutralise  their  fixing  powers,  the  sulphur 
atom  Avill  then  only  be  exerting  an  atom-fixing  power 
represented  by  four,  and  will  therefore  be  acting  as  a 
tetrad.  The  sulphur  atom  in  this  condition  is  repre- 
sented graphically  thus  : 


Again,  suppose  two  pairs  of  affinities  to  grasp  or 
neutralise  one  another,  the  sulphur  atom  will  then 
only  have  two  affinities  capable  of  exerting  a uniting 
or  combining  power,  and  will  theref  u’e  be  acting  as  a 
dyad  or  bivalent.  The  sulphur  atom  in  this  condition 
is  represented  graphically  thus  : 


/ \ 


/ 


For  instance,  in  sulphuric  anhydride  (S'"’0|/)  the 
sulphur  is  exerting  its  full  sexivalent  atomicity  ; in 
sulphurous  anhydride  (S"'OV)  the  sulphur  is  only 
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exerting  quadrivalent  atomicity ; in  sulphuretted 
hydrogen  (HlS^*)  the  sulphur  is  only  exerting  bivalent 
atomicity. 

When  two  affinities  neutralise  one  another,  the 
act  is  spoken  of  as  a pair  of  affinities  becoming  latent ; 
that  is,  the  combining  power  is  not  destroyed,  but  is 
simply  rendered  latent  or  is  hidden  for  the  time,  for 
it  is  possible,  by  chemical  means,  to  compel  these 
pairs  of  latent  affinities  to  unloose  themselves  and  to 
exert  their  full  atom-fixing  power.  Thus,  as  the 
student  will  learn  later,  it  is  possible  to  compel  the 
S in  HoS,  in  which  it  is  acting  as  a dyad,  to  unloose 
a pair  of  its  latent  affinities  and  act  as  a tetrad,  and, 
in  like  manner,  sulphur  exerting  the  atomicity  of  a 
tetrad  can  be  made  to  exert  its  full  atom-fixing  power 
as  a hexad,  by  the  opening  of  its  last  pair  of  latent 
affinities. 

In  a similar  way  the  three  elements,  phosphorus, 
arsenic,  and  antimony,  are  capable  of  acting  as 
pentads  and  triads.  The  atoms  of  these  three  elements 
when  they  act  as  pentads  are  represented  graphically 
thus ; 


When  acting  as  triads,  or  only  exerting  trivalent 
atomicity,  a pair  of  affinities  become  latent,  and  the 
atoms  of  the  three  elements  would  then  be  represented 
graphically  thus : 

_ _ I 

o o o 

For  instance,  in  phosphoric  anhydride  (PjOi')  the 
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phosphorus  is  exerting  its  full  power  as  a pentad  or 
quinquivalent ; in  phosphorous  anhydride  (P'^'O’e)  the 
phosphorus  is  only  exerting  the  power  of  a triad  or 
trivalent. 

In  arsenic  anhydride  (AsjOi')  the  arsenic  is 
exerting  its  full  power  as  a pentad  or  quinquivalent  ; 
in  arsenious  anhydride  (As^'Og)  the  arsenic  is  only 
exerting  the  power  of  a triad  or  trivalent. 

In  pentachloride  of  antimony  (Sb^'Ciy  the  anti- 
mony is  exerting  its  full  power  as  a pentad  or  quin- 
quivalent; in  the  trichloride  of  antimony  (SV'^Clg) 
the  antimony  is  only  exerting  the  power  of  a triad  or 
trivalent. 

There  are  certain  anomalies  with  regard  to  the 
valency  of  the  elements  nitrogen  and  iron  which 
await  future  explanation.  Thus  nitrogen  in  most  of 
its  compounds  is  an  element  whose  valency  is  odd, 
but  in  nitric  oxide  (NO)  it  is  apparently  a dyad. 
Iron  in  ferrous  oxide  (FeO)  is  a dyad,  but  in  ferric 
chloride  (FeClg)  it  seems  to  be  trivalent. 

The  elements  whose  valency  is  represented  by 
odd  numbers  (1,  3,  5,  etc.)  are  sometimes  called 
perissads,  those  with  even  numbers  (2,  4,  6)  artiadg. 


ACIDULOUS  RADICLES. 

The  tprm  radicle  signifies  an  unsaturated  element 
or  group  of  elements.  An  acidulous  radicle  is  an 
element  or  group  of  elements  which  are  electro- 
negative, i.e.  they  are  liberated  or  tend  to  be  liberated 
at  the  positive  electrode  when  their  compounds  are 
decomposed  by  the  passage  of  a current  of  electricity. 
Thus  Cl,  Br,  I,  etc.,  are  elementary  acidulous  radicles  ; 
NOg,  SO4,  etc.,  are  acidulous  compound  radicles. 

A compound  radicle  may  be  defined  as  a group 
of  elements  which  plays  the  part  of  one  element,  and 
which  passes  through  many  reactions  without  being 
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decomposed  into  its  constituent  elements.  Thim  the 
frroup  NH.  is  found  in  all  the  ammonium  salts,  ^ t.i, 
(NH4)3S04.  The  group  SO3  in  all  the  sulphites, 

NaoSOl  CaSOg,  etc.  i . r .0 

These  compound  radicles  may  be  monovalent,  di 

lent,  etc.,  according  to  their  degree  of  unsaturation. 

We  will  now  take  a few  examples,  and  show  by 
flfraphic  representations  that  it  is  the  degiee  of  unsatu 
Nation  of  a radicle  (simple  or  compound)  that  deter- 
mines its  quantivalence  or  atom-fixing  power. 

1.  As  examples  of  univalent  acidulous  radicles, 

we  will  select  the  radicles  of 


{a)  Chlorides 
{b)  Nitrates 
(c)  Nitrites 
{d)  Cyanides 


Ch 

NO^ 

NOi 

CN‘ 


(a)  The  radicle  of  chlorides  (Cl)  is  the  atom  of  the 
element  chlorine,  which  being  a univalent  element  has, 
therefore,  a combining  power  represented  by  on«. 

Cl— 

Graphic  representation  of  the  radicle  of  chlorides. 

lb)  The  radicle  of  nitrates  (N'’0'‘)  consists  of  three 
bivalent  oxygen  atoms  united  with  one  quinquivalen 
nlSen  atom ; the  live  affinities  of  the  nitrogen  atom 
would  therefore  be  capable  of  combining  with  fare  out 
of  the  six  affinities  of  the  three  oxygen  atoms,  leavin 
one  affinity  nnsaturated,  and  therefore  constitutin 
the  radicle  a univalent  one. 

0 


N— 0— 


O 


Graphic  representation  of  the  radicle  of  nitrates. 


CfQ  OQ 
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(c)  In  the  radicle  of  nitrites  (N**’0'2)  the  nitrogen 
is  only  exerting  trivalent  atomicity  (a  pair  of  its 
affinities  being  latent),  and  is  united  with  two 
bivalent  oxygen  atoms  ; the  three  free  affinities  of 
the  nitrogen  atom  will  therefore  saturate  three  out 
of  the  four  affinities  of  the  two  oxygen  atoms,  leaving 
one  affinity  unsaturated,  and  therefore  constituting 
the  radicle  a univalent  one. 

O 

II 

N— 0— 

U 

Graphic  representation  of  the  radicle  of  nitrites. 

{d)  In  the  radicle  of  cyanides  an  atom  of 

the  quadrivalent  element  carbon  is  united  with  an 
atom  of  the  quinquivalent  element  nitrogen,  leaving 
one^  affinity  unsaturated,  and  so  constituting  the 
radicle  a univalent  one.  This  radicle  can  also  be 
graphically  represented  by  making  the  nitrogen  tri- 
valent, when  one  of  the  affinities  of  the  carbon  is  left 
unsaturated. 

C=N—  — C=Nd 

Graphic  representations  of  the  radicle  of  cyanides. 

2.  As  examples  of  bivalent  acidulous  radicles  we 
will  take  the  radicles  of 

Sulphate  ‘ S'iO” 

4 

In  the  radicle  of  sulphates  (S'^’O^'),  one  atom  of 
sulphur  which  is  exerting  its  full  sexivalent  atomicity 
is  united  with  four  atoms  of  the  bivalent  oxygen  ^ 
the  six  affinities  of  the  sulphur  atom  will  satisfy  or 
combine  with  six  out  of  the  eight  affinities  of  the  four 
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oxygen  atoms,  leaving  two  affinities  unsaturated,  and 
therefore  constituting  the  radicle  a bivalent  one. 


O 


_0—  S — 0— 


o 

Graphic  representation  of  the  radicle  of  sulphates. 

3.  As  examples  of  trivalent  acidulous  radicles  we 
will  take  the  radicles  of 


Phosphates  ...  ...  •••  ••• 

The  radicle  of  phosphates  (P'O^)  is  composed  of 
one  quinquivalent  phosphorus  atom  united  with  four 
bivalent  oxygen  atoms ; the  five  affinities  of  the 
phosphorus  atom  will  satisfy  or  combine  with  five 
out  of  the  eight  affinities  of  the  four  oxygen  atoms, 
leaving  three  affinities  unsaturated,  and  therefore 
constituting  the  radicle  a trivalent  one. 


I 

0 

1 

_0—  P — o— 


Graphic  representation  of  the  radicle  of  phosphates. 

These  examples  will  be  quite  sufficient  to  enable 
the  student  to  comprehend  that  the  quantivalence  of 
a radicle  is  represented  by  the  extent  to  which  it  is 
unsaturated,  and  the  graphic  representations  will 
teach  how  it  is  that  a certain  radicle  possesses  a cer- 
tain quantivalence ; graphic  representations  of  the 
more  complex  acidulous  radicles  (e-^.  of  acetates 
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^2^3^2>  tartrates  C^H^Og)  have  not  been  given, 
as  they  would  be  of  no  assistance  at  present  to  the 
student  in  that  part  of  the  subject  which  we  are  at 
present  dealing  with. 

We  will  now  give  a list  of  the  more  important 
acidulous  radicles,  arranged  in  groups  according  to 
their  quantivalence  : 


UNIVALENT  ACIDULOUS  RADICLES. 


Name. 

Radicle  of  Chlorides  .. 
Iodides 
Bromides 
Fluorides 
Cyanides 
Cyanates 
Hypochlorites 
Nitrites 
Nitrates 
Chlorates 
lodates 
Bromates 
Formates 
Acetates 


)) 

j) 

»> 

M 

j) 

»» 

>» 

»> 

>» 

>» 


Formula, 
...  Cl 
...  I 
...  Br 
...  F 
CN  or  Cy 
CNO  or  CyO 
...  CIO 
...  NO2 
...  NO3 
...  ClOg 
...  lOj 
...  BrOj 
...  CHO2 
. . . C2H3O2 


BIVALENT  ACIDULOUS  RADICLES. 


Name. 

Radicle  of  Sulphites  ... 

„ Sulphates  ... 

„ Chromates  . . . 

„ Carbonates... 

„ Oxalates  . . . 

„ Tartrates  . . . 


Formula. 

SO3 

SO. 

CrO^ 

CO3 

C2O4 

C4H4O4 


TRIVALENT  ACIDULOUS  RADICLES. 


Name. 

Radicle  of  Borates 
„ Arsenites  . . . 

,,  Arseniates  . . . 

„ Phosphates 

.•  Citrates 

„ Ferricyanides 


Formula. 

...  BO3 

...  A.SO3 
...  A.8O4 

...  PO4 

...  CgH(,07 

...  Fe(CN)g 
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QUADRIVALENT  ACIDULOUS  RADICLES. 


Name. 

Radicle  of  Silicates  ... 

„ Ferrocyanides 


Formula. 


The  formulae  of  these  acid  radicles  and  their 
quantivalences,  together  with  the  symbols  of  the  ele- 
ments and  their  atomicities  {see  list  on  page  29),  i^^st 
be  thoroughly  committed  to  memory  ; the  student  will 
then  be  able  easily  to  construct  a formula,  and,  know- 
ing how  to  construct  formulie,  the  representation  of 
chemical  reactions  by  means  of  equations  is  but  anothei 
step  forward.  Before  dealing  with  the  construction 
of  formuljB  and  equations,  it  will  be  as  well,  at  this 
stage  of  the  work,  to  introduce  to  the  notice  of  the 
student  three  most  important  classes  of  bodies,  viz. 
acids,  bases,  and  salts. 

Acids  are  bodies  that  always  contain  hydrogen, 
which  hydrogen  is  capable  of  being  partially  or  entirely 
displaced  by  a metal,  to  form  a salt ; in  fact,  the  com- 
bination of  any  one  of  the  acidulous  radicles  with  its 
equivalent  quantity  of  hydrogen,  forms  an  acid.  Acids 
that  contain  one  atom  of  displaceable  hydiogen  aie 
called  monobasic  ; those  containing  two  atoms  of  dis- 
placeable hydrogen,  dibasic;  those  containing  three 
atoms  of  displaceable  hydrogen,  tribasic  ; and  so  on. 
Thus  nitric  acid  (H'NO^),  which  is^  composed  of  the 
univalent  nitric  radicle  united  with  one  atom  of 
hydrogen,  is  an  example  of  a monobasic  acid  ; sul- 
phuric acid  (HiSOl'),  which  is  composed  of  the  biva- 
lent sulphuric  radicle  united  with  two  atoms  of  hy- 
drogen, is  an  example  of  a dibasic  acid ; phosphoric 
acicf  (HijPO;''),  which  is  composed  of  the  trivalent 
phosphoric  radicle  united  with  three  atoms  of  hydiogen, 
is  an  example  of  a tribasic  acid.  It  should  be  care- 
fully remembered  that  when  the  term  acid  is 
applied  to  a body  destitute  of  hydrogen,  the  term  is 
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erroneously  empjoyed;  for  example,  the  so-called 
arsenious  acid  (AS4OJ)  of  the  British  Pharma- 
copceia  cannot  be  an  acid,  for  it  contains  no  hydrogen- 
It  IS  the  anhydride  of  arsenious  acid,  an  anhydride 
being  derived  from  an  acid  by  the  abstraction  of  the 
elemen  s of  water.  Two  distinguishing  characters  pos- 
sessed by  most  acids  are  a sour  taste  and  the  propi-ty 
of  changuig  the  colour  of  blue  litmus  paper  to  red  ^ 

, capable  of  combinin<r 

with  acids  to  form  salts.  Bases  sometimes  possess  a 
caustic  or  alkaline  taste,  and  have  the  property  of  chang- 
ing the  colour  of  red  litmus  paper  to  blue.  The  term 
base  has  been  applied  to  three  classes  of  substances ; 

IP  Ai  of  which  lime,  or  oxide  of  calcium 

(C/aU),  and  magnesia,  or  oxide  of  magnesium  (MfrO) 

may  be  mentioned  as  examples. 

(11)  Hydrates,  of  which  caustic  potash,  or  hy- 
® (KHO),  and  slaked  lime,  or 

exarpfes”^  mentioned  as 

(ill)  A class  of  bodies  such  as  ammonia  gas  ("ISrHol 
and  its  organic  derivatives,  the  amines,  etc.  ‘ 

Salts  are  the  compounds  resulting  from  the  action 
of  a base  on  an  acid ; an  acid  salt  is  obtained  by  the 
partial  neutralisation  of  an  acid  by  a base,  so  that 
its  properties  are  partly  those  of  an  acid  and  partly 
those  of  a sa  p as  HKSO4,  acid  potassium  sulpLte.^ 
When  nip  the  hy  drogen  of  the  acid  is  replaced 

called  normal  or  neutral,  as 
n potassium  sulphate.  A basic  salt 

may  be  considered  as  derived  from  the  hydroxide 
or  hydrate  of  a metal,  in  which  all  the  hydroxyl 
hp  not  been  replaced  by  the  acid  radicle.  Thus 
bismuth  hydroxide  B (HO)3 ; if  all  the  HO  is  replaced 
we  have  the  neutral  bismuth  nitrate  Bi(NO,),  ’ if 

m±10(JN03)2  and  Bi(HO)2NOg. 

r.* 
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CHAPTER  IV. 


FORMULiE. 


Construction  of  Formulae — Uses  of  Terminations  and  Prefixes. 

A forimila.  is  a representation  of  the  composition 
of  a body  by  means  of  symbols,  which  may  be  re- 
garded as  chemical  shorthand ; it  consists  of  a 
grouping  of  the  symbols  of  the  elements  composing 
the  body,  with  numbers  attached  to  these  symbols 
indicating  the  proportions  in  which  the  elements 
occur  in  the  body  ; when  no  number  is  attached  to 
the  symbol  of  an  element,  the  number  one  is  under- 
stood. We  will  now  show,  by  a few  examples,  how 
to  construct  the  formulae  of  acids  and  salts. 

An  acid  is  simply  a compound  of  an  acidulous 
radicle  with  hydrogen.  Hydrogen  being  a univalent 
element,  a univalent  acidulous  radicle  will  unite  with 
and  be  saturated  by,  one  atom  of  hydrogen ; thus  : 

H'Cl‘  is  the  formula  of  hydrochloric  acid. 


A bivalent  acidulous  radicle  will  require  two 
atoms  of  the  univalent  hydrogen  to  satin  ate  it , thus  . 

HlSOi^  is  the  formula  of  sulphuric  acid. 


A trivalent  acidulous  radicle  will,  in  its  turn. 


H‘N03 


„ nitric  acid. 
„ acetic  acid. 


oxalic  acid, 
tartaric  acid. 
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require  three  atoms  of  hydrogen  to  saturate  it  and 
form  an  acid  ; thus  : 

HaBOy^  is  the  formula  of  boracic  acid. 

phosphoric  acid. 

» M citric  acid. 


A 

atoms 
thus  ; 


quadrivalent  acidulous  radicle  will  require  four 
of  hydrogen  to  saturate  it  and  form  an  acid  ; 


HjSiO^  is  the  formula  of  silicic  acid. 

H^FeOgNs^  „ hydroferrocyanic  acid. 

The  student  can  therefore  construct  the  formula 
of  any  acid  by  remembering  the  formula  and  quan- 
tivalence  of  the  acidulous  radicle  of  that  acid  (see 
p.  39),  and  then  uniting  the  radicle  with  its  equi- 
valent number  of  hydrogen  atoms. 

The  construction  of  the  formulae  of  salts  is  as  easy 
a,s  that  of  acids,  though  some  of  them  may  appear,  at 
hrst,  more  complex.  We  will  first  consider  the 

ormulae  of  salts  containing  univalent  acidulous 
radicles. 

_ Chloride  of  sodium  is  formed  by  the  union  of  the 
univalent  element  sodium  with  the  univalent  radicle 
chlorine  its  formula  is  therefore  : 


Na'Cr. 

In  the  case  of  chloride  of  barium,  two  equivalents 
of  the  univalent  radicle  chlorine  will  be  required  to 
satisfy  the  bivalent  metal  barium  (see  p.  29)  • the 
formula  is  therefore : \ i j > 


Ba”CIi. 


Nitrate  of  Vjismuth  will 
lents  of  the  univalent  nitric 


require  three  equiva- 
radicle  to  satisfy  one 
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equivalent  of  the  trivalent  metal  bismuth ; its  formula 
is  therefore  : 

Bi'”(N03)|. 

Chloride  of  platinum  will  require  four  equivalents 
of  the  univalent  radicle  chlorine  to  satisfy  one  equiva- 
lent of  the  quadrivalent  element  platinum ; its  formula 
is  therefore : 

Pt^'^Cll. 

We  will  next  take  a few  examples  of  the  formulce 
of  salts  containing  bivalent  acidulous  radicles.  ^ 

Sulphate  of  potassium  is  composed  of  the  univalent 
metal  potassium  united  with  the  bivalent  sulphuric 
radicle ; two  equivalents  of  the  former  will  therefore 
be  required  to  satisfy  one  of  the  latter,  so  that  the 
formula  is : 

Kisolb 

Carbonate  of  calcium  consists  of  the  bivalent 
metal  calcium  united  with  the  bivalent  carbonic 
radicle ; one  equivalent  of  each  will  therefore  satisfy 
one  another,  so  that  the  formula  is : 

Ca"CO^ 

The  formula  of  citrate  of  potassium  requires  the 
union  of  the  univalent  element  potassium  with  the 
trivalent  citric  radicle  ; three  atoms  of  the  former  will 
satisfy  one  equivalent  of  the  latter  ; the  formula  is 
therefore  : 

K'CAOl” 

The  formula  of  phosphate  of  calcium  requires  the 
union  of  the  bivalent  metal  calcium  with  the  trivalent 
phosphoric  radicle.  Now,  three  equivalents  of  the 
bivalent  calcium  will  satisfy  two  equivalents  of  the 
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trivalent  phosphoric  radicle,  for  they  will  then  both 
possess  an  atom-fixing  power  represented  by  six  : the 
formula  is  therefore : 

Ca»(P04)»^ 

Ci^ate  of  bismuth  being  composed  of  the  trivalent 
metal  bismuth  united  with  the  trivalent  citric  radicle, 
an  equivalent  of  each  will  form  a saturated  compound  • 
the  formula  is  therefore  : ^ 

We  will  lastly  give  two  examples  of  the  formulje 
ot  salts  containing  quadrivalent  acidulous  radicles. 

The  formula  of  ferrocyanide  of  potassium  requires 
the  union  of  the  univalent  metal  potassium  with  the 
quadrivalent  radicle  of  ferrocyanides.  Evidently 
four  equivalents  of  the  former  will  satisfy  one  of  the 
ISittcr  j th6  formula  is  tlierofor©  : 

K'FeCyi''. 

Silicate  of  calcium  is  composed  of  the  bivalent 
metal  calcium  united  with  the  quadrivalent  silicic 
radicle ; two  equivalents  of  the  former  will  therefore 
satisfy  one  of  the  latter ; the  formula  is  therefore  : 

Ca^SiO^ 

The  student  Avill  find  it  good  practice  to  write  out 
the  formulae  of  the  following  salts,  and  have  the 
results  looked  over  by  a teacher  or  some  other  com- 
petent person  : — 


Iodide  of  potassium. 
Bromide  of  magnesium. 
Acetate  of  copper. 
Chlorate  of  calcium. 
Sulphite  of  zinc. 
Oxalate  of  bismuth. 
Borate  of  sodium. 
Phosphate  of  lead. 


Cyanide  of  lead. 
Tartrate  of  silver. 
Carbonate  of  sodium. 
Oxalate  of  calcium. 
Citrate  of  magnesium. 
Silicate  of  potassium. 
Ferrocyanide  of  zinc. 
Ferricyanide  of  lead. 
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USES  OF  TERMINATIONS  AND  PREFIXES. 

In  order  to  apply  the  correct  names  to  the  various 
chemical  compounds,  the  student  must  become  ac- 
quainted with  the  different  terminations  used  in  speak- 
ing of  the  various  acids,  salts,  etc.  For  instance,  he 
will  continually  have  to  use  the  terms  chloTide,  iodide^ 
sidjjhite,  sulj)liate,  and  will  often  come  across  acids  and 
salts,  to  the  names  of  which  the  terminations  -ous  and 
-ic  are  affixed,  such  as  sulphurous.,  nitrous,  sulphuric, 
and  nitric  acids,  ferrous,  ferric,  mercurous,  and  mer- 
curic salts.  We  will  now  proceed  to  explain  the  uses 
of  the  different  terminations. 

Sometimes  an  element,  in  uniting  with  hydrogen 
and  oxygen  to  form  an  acid,  unites  with  different 
quantities  of  oxygen  to  form  different  acids  ; the  ter- 
mination -ic  is  then  applied  to  the  acid  containing  the 
most  oxygen,  and  the  termination  -ous  to  that  con- 
taining the  smaller  proportion  of  oxygen  thus  . 

H.,S04  is  sulphuric  acid.  H0SO3  is  sulphureous  acid. 

HNO3  is  nitric  acid.  HNOg  is  nitrooos  acid. 

H3As04is  arsenic  acid.  H3As03is  arseniooos  acid. 


The  termination  -ate  is  applied  to  the  salts  of  those 
acids  that  possess  the  termination  -ic,  and  the  termin- 
ation -ite  is  applied  to  the  salts  of  those  acids  that 
terminate  in  -ous  ; thus  : — 


KoSO^  is  sulphe/c 
KNO3  is  mirate 
I\3AsU4is  arseniflo'c 


of 

. potas- 
sium. 


K2SO3  is  sulphide 
IvNOo  is  nitride 
KsAsOsis  arsenide 


of 

potas- 

sium. 


Occasionally,  after  the  naming  of  a group  of  acids, 
an  acid  has  been  discovered  containing  a greater 
]u;oportion  of  oxygen  than  the  one  to  which  the 
termination  -ic  was  applied ; the  prefix  per-  (abbre- 
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viation  of  super,  above)  is  then  attached  to  the  name 
of  the  acid  ending  in  -ic,  to  distinguish  the  new  acid ; 
thus : — 

HCIO4  is  perchloric  acid. 

HCIO3  being  chloric  acid. 

On  the  other  hand,  an  acid  is  sometimes  discovered 
containing^  a smaller  proportion  of  oxygen  than  the 
acid  to  which  the  termination  -ous  had  been  applied  • 
the  prefix  hypio-  (signifying  under)  is  then  attached 
to  the  name  of  the  acid  ending  in  -ous,  to  distinguish 
the  new  acid ; thus  : — 

H3PO3  being  phosphorous  acid, 

H3PO0  is  hypophosphorous  acid. 

When  an  acid  contains  an  element  for  its  acidu- 
lous radicle,  the  prefix  hydro-  (abbreviation  of  hydro- 
yen)  is  used ; thus  : — 

HCl  is  hyd7-ochloxiQ  acid. 

HF  is  hydrof^novic,  acid. 

HBr  is  hydrohrom^c  acid. 

HI  is  hydrio4ic  acid. 

The  termination  -ide  is  used  in  connection  with 
those  compounds  which  contain  only  tivo  elements  or 
radicles. 

Nad  is  ohXovide  of  sodium. 

KI  is  io4ide  of  potassium. 

FeS  is  suljDbi^^e  of  iron. 

HgO  is  oxide  of  mercury. 

As  was  mentioned  in  the  section  on  the  quanti va- 
lence of  the  elements,  some  elements  are  capable  of 
exerting  difierent  combining  powers;  those  com- 
pounds m which  an  element  is  exerting  its  full  com- 
bining power  are  distinguished  by  having  the  termin- 
ation -^c  attached  to  their  names,  the  termination  -ous 
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being  attached  to  the  names  of  those  compounds  in 
which  the  element  is  exerting  part  of  its  combining 
power  only  ; thus  : — 

P2O5  is  phosphoric  ) anhy-  P^^'Oe  is  phosphorows  | anhy- 
AS2O5  is  arsenic  j dride.  As” 'Op  is  arsenioe^s  j dride. 

Feii'Clgis  ferric  chloride.  Fe^'Clg  is  ferro2«s  chloride. 

Sn'^Chis  stannic  chloride.  Sni'Clg  is  stannows  chloride. 

Sometimes  the  prefixes  per-,  and  2’>'^oto-  or  suh-,  are 
respectively  employed  instead  of  the  terminations  -ic 
and  -ous  ; thus,  ferric  chloride  may  be  called  per  chlo- 
ride of  iron,  and  ferrous  chloride  the  proiochloricle  or 
sziichloride  of  iron ; stannic  chloride  may  be  called 
the  ^e?'chloride  of  tin,  and  stannous  chloride  the  jy^oto- 
chloride  or  sztichloride  of  tin. 
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CHAPTER  V. 

CHEMICAL  EQUATIONS. 

Classification  of  Chemical  Equations— Methods  of  Writing  Them. 

The  changes  that  occur  when  two  or  more  sub- 
stances act  chemically  upon  one  another  are  repre- 
sented by  placing  on  the  left  the  formulse  of  the 
substances  as  they  exist  before  the  change,  connected 
with  each  other  by  the  sign  -f,  signifying,  as  in 
algebra,  addition  ; on  the  right  are  formulated  the 
substances  as  they  exist  after  the  change,  connected 
together,  as  before,  by  the  sign  +,  and  connected 
with  the  left-hand  portion  by  the  sign  of  equality  = ; 
such  a collection  of  symbols  is  known  as  a clientica.1 
equation.  A thorough  knowledge  of  the  repre- 
sentation of  chemical  reactions  by  means  of  equations 
is  absolutely  necessary,  and  careful  attention  should 
be  given  to  this  subject.  An  endeavour  will  be  made 
now  to  simplify  the  matter  by  arranging  it  in  a 
systematic  and  definite  manner,  commencing  with 
reactions  that  are  represented  by  simple  equations, 
and  then  proceeding  step  by  step  to  the  representation 
of  the  more  difiicult  and  complex  reactions. 

A large  number  of  chemical  reactions  come  under 
one  or  more  of  the  four  following  divisions,  in  each 
of  which  a typical  equation  constructed  of  letters 
represents  the  kind  of  action  taking  place  ; 

I.  ANALYSIS  {ava,  up ; \volq,  separation)  ; 

AB  = A + B. 
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II.  SYNTHESIS  (o-uv,  together  \ diaig,  placing)  : 

A + B = AB. 

III.  SINGLE  DECOMPOSITION: 

AB  + C = A + BO. 

or 

AB  + C = AC  + B. 

IV.  DOUBLE  DECOMPOSITION: 

AB  + CD  = AC  + BD, 

or 

AB  + CD  = AD  + BO. 

We  will  now  take  several  examples  of  equations 
that  come  under  these  four  heads  : — 

I.  ANALYSIS  (typical  equation  AB  = A + B). — 
Under  this  head  will  come  those  equations  which 
represent  the  splitting  up  of  a compound  body  into 
its  elements,  or  into  less  complex  bodies.  Thus, 
when  mercuric  oxide  is  heated,  it  splits  up  into  its 
elements  mercury  and  oxygen  : 

HgO  = Hg  + 0. 

(a)  This  equation  is  not  as  yet  quite  correct,  for  it 
represents  an  atom  of  oxygen  as  possessing  independent 
existence,  which  is  an  impossibility.  We  must,  there- 
fore, represent  two  molecules  of  mercuric  oxide  in  the 
equation,  which  will  then  produce  a molecule  of  free 
oxygen  (Oo)  which  is  capable  of  existing  in  the  free 
state ; thus  : 

2HgO  = 2Hg  -b  Og. 
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The  number  is  placed  before  the  Hg  to  represent 
two  molecules  of  mercury,  for  mercury  is  one  of  the 
three  elements  (Hg,  Zn,  Cd)  that  contain  only  one 
atom  in  the  molecule. 

The  student  must  remember  to  represent  the 
existence  of  molecules  in  equations,  and  therefore 
equations  will  frequently  have  to  be  doubled,  as  in 
the  case  of  the  one  just  given.  In  order  to  refer 
to  a few  more  equations  that  come  in  the  first 
division  (Analysis),  we  will  take  the  three  following 
examples  ; — ■ 

(6)  Oxide  of  silver  when  heated  splits  up  into 
silver  and  oxygen  : 

2AgoO  = 4Ag  + Og. 

(c)  The  following  equation  represents  the  decom- 
position of  water  into  its  elements,  a decomposition 
that  can  be  brought  about  by  means  of  electricity  : — ■ 

2H2O  = 2Ho  + O^. 

In  this  equation  two  molecules  of  H2O  are  taken, 
so  that  the  liberation  of  a molecule  of  oxygen  (Oo) 
may  be  represented. 

{d)  The  next  equation  represents  the  manner  in 
which  chlorate  of  potassium  (KCIO3)  splits  up,  when 
heated,  into  chloride  of  potassium  and  oxygen  : 

2KCIO3  = 2KC1  -f  3O2. 

The  equation  KCIO3  = KCl  + 30  would  not  bo 
correct  since  it  represents  the  formation  of  a mole- 
cule and  a half  of  oxygen,  and  half  a molecule  is 
incapable  of  a free  existence.  The  large  number  2 
placed  before  the  KCIO3  multi[)lies  everything  after 
it  as  far  as  the  sign  = ; the  small  3 placed  under  the 
O is  therefore  multiplied  by  the  large  2. 
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II.  SYNTHESIS  (typical  equation  A + B=AB). 
— Equations  of  this  kind  represent  the  combination 
together  of  elements  to  form  compounds,  and  also 
the  combination  of  simple  compounds  to  form  more 
complex  compounds. 

(a)  The  following  equation  represents  the  forma- 
tion of  water  by  the  union  of  hydrogen  and  oxygen  : 

-f-  C)2  = 2H2O, 

The  equation  H2  -f  O = H2O  would  not  be  correct, 
as  0 rej^resents  an  atom  of  oxygen  which  cannot 
exist  in  the  free  state  (it  will  not  be  necessary  to 
explain  again  why,  in  similar  equations  to  this,  the 
double  number  is  taken  to  prevent  tlie  representation 
of  a free  atom). 

(5)  The  next  equation  represents  the  formation 
of  sulphide  of  iron  (FeS)  by  the  union  of  iron  and 
sulphur  (which  can  be  effected  by  means  of  heat)  : 

2Fe  + 82  = 2 FeS. 

(c)  The  following  equation  represents  the  forma- 
tion of  sulphur  dioxide  (SO2)  by  the  combustion  of 
sulphur  in  oxygen  : 

S3  -p  20.  = 2SO2. 

III.  SINGLE  DECOMPOSITION  (typical  equa- 
tions AB  + C = A + BC  and  AB  -p  C = AC  -p  B). 
— The  student  will  meet  with  numerous  equations  of 
this  kind  in  the  study  of  Chemistry.  The  following 
are  a few  examples  : 

(a)  The  action  of  zinc  on  hydrochloric  acid  (HCl), 
when  chloride  of  zinc  (ZnCL)  is  formed  and  hydrogen 
set  free : 


Zn  + 2HC1  = Z11CI2  -P  Hg. 
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(6)  The  action  of  iron  on  dilute  sulphuric  acid 
(H3SO4),  when  sulphate  of  iron  (FeSO^)  is  formed  and 
hydrogen  set  free : 

2Fe  + 2H2SO4  = 2FeS04  + 

(c)  The  reduction  of  oxide  of  copper  (CuO)  to  the 
m*etallic  state  by  means  of  charcoal,  a decomposition 
that  is  effected  by  heating  the  two  together,  when  the 
carbon  abstracts  the  oxygen,  forming  carbon  dioxide 
(CO3) : 

2CuO  + C = 2Cu  + COg. 

{d)  The  formation  of  reduced  iron  (finely-divided 
iron),  which  is  obtained  by  passing  hydrogen  over 
heated  ferric  oxide  (FcoOg),  when  the  hydrogen  ab- 
stracts the  oxygen,  with  the  formation  of  water  and 
free  iron : 

FeoOg  -f  3H2  = 2Fe  -f  SHgO. 

In  this  equation  it  is  necessary  to  take  SHg  in 
order  to  furnish  sufficient  hydrogen  to  unite  with  the 
three  atoms  of  oxygen  contained  in  the  Fe^Og. 

IV.  DOUBLiE  DECOMPOSITION  (typical 
equations  AB  -f  CD  = AC  + BD  and  AB  -f  CD 
= AD  -f  BC). — Equations  of  this  class  are  the  most 
general  that  the  student  will  meet  with,  reactions  of 
double  decomposition  being  of  most  common  occur- 
rence. We  will  take  several  examples  of  such 
equations. 

When  an  oxide  of  a metal  dissolves  in  an  acid,  as 
a rule,  double  decomposition  takes  place,  the  metal  of 
the  oxide  uniting  with  the  acid  radicle  of  the  acid  to 
form  a salt,  and  the  oxygen  of  the  oxide  uniting  in 
its  turn  with  the  hydrogen  of  the  acid  to  form  water ; 
thus  : 
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(a)  Equation  representing  the  action  of  hydro- 
chloric acid  (HCl)  on  oxide  of  zinc  (ZnO) : 

ZnO  + 2HC1  = ZnClg  + 

(b)  Equation  representing  the  action  of  nitric 
acid  (HNOg)  on  oxide  of  copper  (CuO)  : 

CuO  + 2HNO3  = Cu(N03)2  -f  H^O. 

(c)  Equation  representing  the  action  of  hydro- 
chloric acid  (HCl)  on  ferric  oxide  (Fe203)  : 

Fe203  -f  6HC1  = 2FeCl3  -f  3H2O. 

When  a hydrate  of  a metal  dissolves  in  an  acid 
double  decomposition  takes  place,  the  metal  of  the 
hydrate  uniting  with  the  acid  radicle  of  the  acid  to 
form  a salt,  and  the  radicle  of  the  hydrate  (HO)  at 
the  same  time  uniting  with  the  hydrogen  of  the  acid 
to  form  water;  thus  : 

(d)  Equation  representing  the  action  of  hydro- 
chloric acid  on  caustic  potash  (potassium  hydrate  or 
hydroxide)  : 

KHO  -f  HCl  = KCl  + H2O. 

(e)  Equation  representing  the  action  of  sulphuric 
arcid  on  slaked  lime  (hydrate  of  calcium)  : 

Ca(HO)2  + HoSO^  CaSO.^  + 2H2O. 

When  solutions  of  two  soluble  salts  are  mixed 
together  and  an  insoluble  salt  (called  the  precipitate) 
is  pi-oduced,  the  reaction  is  generally  one  of  double 
decomposition ; thus  : 

(y’)  Equation  representing  the  })recipitation  of 
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sulphate  of  barium  (BaSO^)  by  adding  sulphuric  acid 
(HgSO^)  to  solution  of  chloride  of  barium  (BaClg) : 

BaCl^  + HgSO^  = BaSO^  + 2HC1. 

{g)  Equation  representing  the  precipitation  of 
carbonate  of  calcium  (CaCOg)  by  the  addition  of  solu- 
tion of  carbonate  of  sodium  (NagCOg)  to  solution  of 
chloride  of  calcium  (CaClg) : 

CaCl2  -f  NaaCOg  = CaCOg  + 2NaCl. 

{h)  Equation  representing  the  precipitation  of 
mercuric  iodide  (Hgig)  by  the  addition  of  solution  of 
iodide  of  potassium  (KI)  to  solution  of  mercuric 
chloride  (HgClg) : 

HgCl^  + 2KI  = Hgig  + 2KC1. 

Several  equations  are  more  comjdex  than  those 
that  have  been  given  as  yet,  the  products  of  decom- 
position being  frequently  more  numerous  than  two, 
and  sometimes  more  than  two  substances  taking  part 
in  a reaction.  Nothing  but  actual  practice  can  teach 
a student  such  reactions  ; but  the  writing  of  equations 
can  be  very  much  simplified  by  a classification,  so  far 
as  that  is  practicable,  which  we  will  now  give,  together 
with  some  hints  that  may  prove  useful  on  the  methods 
of  writing  equations. 

(i)  The  number  of  atoms  on  the  right-hand  side 
of  an  equation  must  correspond  with  those  on  the 
left-hand  side ; this,  indeed,  is  evident  from  the 
position  of  the  sign  of  equality  ( = ),  for  one  side  of  an 
equation  could  not  be  equal  to  the  other  unless  the 
number  of  atoms  contained  on  the  one  side  corre- 
sponded with  those  on  the  other.  So  that,  after  writing 
an  equation,  the  student  should  cdivays  verify  it,  by 
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seeing  if  the  number  of  atoms  is  equal  on  each 
side. 

(ii)  Whenever  a hydrate  of  a metal  dissolves  in 
an  acid,  a salt  of  the  metal  and  water  are  produced. 


Examples. 


KHO 

Potassiuin 

hydrate. 

+ HCl  = 

Hydrochloric 

acid. 

KCl  + 

Potassium 

chloride. 

HgO 

Water. 

2KHO 

Potassium 

hydrate. 

+ H2SO4  = 
Sulphuric 
acid. 

K2SO4  + 
Potassium 
sulphate. 

2H2O 

Water. 

Ca(HO)3 

Calcium 

hydrate. 

+ 2HC1  = 

Hydrochloric 

acid. 

CaClg  + 

Calcium 

chloride. 

2H2O 

Water. 

Zri(HO)3 

Zinc 

hydrate. 

+ HgSO,,  = 

Sulphuric 

acid. 

ZnSO^  + 

Zinc 

sulphate. 

2H2O 

Water. 

2Fe(HO)a 

Ferric 

hydrate. 

+ 6HC1  = 

Hydrochloric 

acid. 

2FeCl3  + 

Ferric 

chloride. 

6H2O 

Water. 

Cu(HO)2 

Copper 

hydrate. 

+ 2HNO3  = 

Nitric 

acid. 

Cu(N03)2  + 

Cupric 

nitrate. 

2H2O 

Water. 

When  commencing  to  write  an  equation  of  this 
class,  the  formulae  of  the  hydrate,  acid,  and  salt  formed 
should  first  be  written  down,  the  formula  of  the  salt 
will  then  usually  indicate  the  number  of  molecules  of 

hydrate  and  acid  required. 

(iii)  When  an  oxide  of  a metal  dissolves  in  an 
acid,  as  a rule,  a salt  of  the  metal  and  water  are 
produced,  the  only  exceptions  being  the  peroxides  or 
higher  oxides  of  the  metals. 
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Examples. 


BaO 

2HC1  = 

BaClo 

+ 

HoO 

Uarium 

ITydrochloric 

Barium 

Water. 

oxide. 

acid. 

chloride. 

CaO 

+ 

2HC1  = 

CaClg 

+ 

HoO 

Calcium 

Hydrochloric 

Calcium 

Water. 

oxide. 

acid. 

chloride. 

* 

MgO 

+ 

H2SO4  = 

MgSO, 

+ 

H2O 

Magnesium 

Sulphuric 

Magnesium 

Water. 

o.xide. 

acid. 

sulphate. 

+ 

6HC1  = 

2FeCl3 

+ 

3H,0 

Ferric 

Hydrochloric 

Ferric 

Water. 

oxide. 

acid. 

chloride. 

8^303 

+ 

6HC1  = 

2SbCl3 

+ 

SHgO 

Antimony 

Hydrochloric 

Antimony 

Water. 

oxide. 

acid. 

chloride. 

PbO 

+ 

2HNO3 

Pb(N03)2-f 

H^O 

Lead 

Nitric 

Lead 

Water. 

oxide. 

acid. 

nitrate. 

CuO 

+ 

2HNO3  = 

Cu(N03)2  + 

H^O 

Copper 

Nitric 

Copper 

Water. 

oxide. 

acid. 

nitrate. 

As  indicated  on  the  previous  page,  it  is  best  to 
write  down  the  formulae  of  the  oxide  and  the  acid 
employed  on  the  left-hand  side  of  the  equation,  and 
the  formula  of  the  salt  produced  on  the  right.  It 
will  then  be  obvious  how  many  molecules  of  the  acid 
should  be  taken  : thus,  in  the  last  equation  of  the 
above  group,  the  formula  Cu(N03)2  indicates  that 
2HNO3  must  be  taken  to  furnish  the  (N03)2,  the 
2H  of  the  acid  and  the  O of  the  oxide  will  then  be 
in  the  proportion  to  form  water. 

(iv)  Whenever  a carbonate  of  a metal  dissolves 
in  an  acid,  a salt  of  the  metal,  water,  and  carbon 
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dioxide  (carbonic  acid  gas)  are  produced,  the  latter 
being  evolved  with  effervescence. 


Examples. 


K2CO3  + 2HC1  = 

: 2KC1 

+ 

CO2 

+ 

H2O 

Potassium  Hydrochloric 

Potassium 

Carbon 

Water. 

carbonate.  acid. 

chloride. 

dioxide. 

Na2C03+  HjSO^  = 

Na2S04 

+ 

CO2 

+ 

H2O 

Sodium  Sulphuric 

Sodium 

Carbon 

Water. 

carbonate.  acid. 

sulphate. 

dioxide. 

CaCOj  +2HN03  = 

Ca(NO,).+ 

CO2 

+ 

H2O 

Calcium  Nitric 

Calcium 

Carbon 

Water. 

carbonate.  acid. 

nitrate. 

dioxide. 

In  these  equations  the  radicle  of  the  carbonate 
CO3  splits  up  into  COg  and  O,  the  former  escaping 
and  the  latter  uniting  with  the  Hg  of  the  acid  to  form 
water. 

(v)  When  a metal  dissolves  in  hydrochloric  acid, 
a chloride  of  the  metal  i?  always  formed,  and  hydrogen 
evolved. 

Examples. 


Zn  + 2HC1  = ZnClo  + Hg 

Zinc.  Hydrochloric  Zinc.  Hydrogen, 

acid.  chloride. 


2Fe  + 4HC1  = 

Iron.  Hydrochloric 
acid. 


2FeClo  + 2H2 

Ferrous  Hydrogen, 
chloride. 


(vi)  When  a metal  dissolves  in  dilute  sulphuric 
acid,  a sulphate  of  the  metal  is  always  formed  and 
hydrogen  evolved. 

Examples. 

Zn  + HgSO^  = Z11SO4  + H, 

Zinc.  Sulphuric  Zinc  Hydrogen, 

acid.  sulphate,  j 
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2Fe  + 2H2SO4  = 2FeS0^  + 2H2 

Iron.  Sulpliuric  Ferrous  Hydrogen, 

acid.  sulphate. 

(vii)  When  a metal  dissolves  in  strong  sulphuric 
acid,  a sulphate  of  the  metal  is  formed  and  sulphur 
dioxide  (SO2)  evolved  ; the  only  common  metals  whose 
sulphates  are  made  by  the  action  of  strong  sulphuric 
acid  on  them  are  copper,  mercury,  and  silver. 

Examples. 

2Cu  + 4H2SO4  = 2CUSO4  + 2SO2  + 4H2O 

Copper.  Sulphuric  Copper  Sulphur  Water, 

acid.  sulphate.  dioxide. 

Hg  + 2H2SO,  = HgSO^  + SOj  + 2H2O 

Mercury.  Sulphuric  Mercuric  Sulphur  Water, 

acid.  sulphate.  dioxide. 

2Ag  + 2HjSO^  = AgjSO*  + SO^  + 2H3O 

Silver.  Sulphuric  Silver  Sulphur  Water, 

acid.  sulphate.  dioxide. 

It  will  be  noticed  that  twice  as  much  acid  is 
taken  as  is  required  to  furnish  SO^  for  the  sulpliate, 
the  extra  SO^  splitting  up  into  SOg  and  Og,  the 
former  escapiug  and  the  latter  uniting  with  the 
hydi’ogen  of  the  acid  to  form  water. 

(viii)  The  ordinary  metals  (with  the  exception  of 
tin,  antimony,  arsenic,  and  zinc),  when  acted  upon 
with  slightly  diluted  nitric  acid,  form  metallic  nitrates 
and  evolve  nitrogen  dioxide  (NO). 

Examples. 

6Ag  + 8HN03=  GAgNOg  + 2NO  + mf> 

Silver.  Nitric  acid.  Silver  Nitrogen  Water. 

nitrate.  dioxide. 

3Cu  + 8HN03=3Cu(N03)2+  2NO  + IHgO 

Copper.  Nitric  acid,  Crpper  Nitrogen  Water. 

nitrate.  dioxide. 
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3Pb 

+ 8HN03=3Pb(N03)2-f 

2N0 

+ 

4HoO 

Lead. 

$ 

Nitric  acid.  Lead 

nitrate. 

Nitrogen 

dioxide 

Water. 

3Hg 

+ 8HN03=:3Hg(]Sr03)2  + 

2N0 

+ 

Mercury. 

Nitric  acid  Mercuric 

nitrate. 

Nitrogen 

dioxide. 

Water. 

2Bi 

+ 8HN03=2Bi(N03)3  + 

2N0 

+ 

4H2O 

Bismuth. 

Nitric  acid.  Bismuth 

Nitrogen 

Water. 

nitrate.  dioxide. 


In  all  these  equations  eight  molecules  of  nitric 
acid  (8HNO3)  are  taken ; a sufficient  number  of 
atoms  of  the  metal  are  then  worked  into  the  equation 
to  unite  with  six  out  of  the  eight  equivalents  of  the 
nitric  radicle  present  in  the  eight  molecules  of  nitric 
acid,  the  remaining  two  equivalents  of  the  nitric 
radicle  (2NOg)  then  split  up  into  2NO  and  40,  the 
former  escaping  and  the  latter  uniting  with  the 
hydrogen  of  the  nitric  acid  to  form  water. 
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THE  NON-METALLIO  ELEMENTS  AND 
THEIR  PRINCIPAL  COMPOUNDS. 

CHAPTER  I. 

Hydrogen. 

Hydrogen — Modes  of  Preparation — Preparation  of  Hydrogen  from 
Water — Properties  of  Hydrogen — Combustion — Graham’s  Law 
of  Diffusion — Test  for  Hydrogen. 

HYDROGEN. 

Symbol,  H / molecule,  Hg  ; monad]  atomic  weight,  1 ; 
molecular  weight,  2 ; liquefies  at  — 253°. 

Hydrogen  exists  in  nature  principally  in  combination 
with  oxygen  in  the  form  of  water,  and  it  owes  the 
derivation  of  its  name  (from  v^u)p,  water;  yevvau), 
I produce)  to  the  fact  that  when  united  with  oxygen 
in  certain  proportions,  it  produces  water. 

Modes  of  preparation.— (i)  Hydrogen  is 
most  conveniently  prepared  by  the  action  of  diluted 
sulphuric  acid  on  the  metal  zinc.  Pieces  of  granu- 
lated zinc  are  placed  in  a generating  flask,  to  which 
is  adapted  a cork  provided  with  a bent  delivery-tube 
and  a long  funnel;  sufficient  water  is  then  poured 
into  the  flask  to  cover  the  zinc,  and  on  pouring  strong 
sulphuric  acid  down  the  funnel,  hydrogen  is  evolved 
with  brisk  effervescence,  and  may  be  collected  over- 
water  (Fig.  1),  after  sufficient  time  has  been  allowed  to 
elapse  for  the  escape  of  the  air  contained  in  the  flask. 
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Zn  + H2SO4  = ZnSO^  + H2 

Zinc.  Sulphuric  Zinc  Hydrogen, 

acid.  sulphate. 

Hydrogen  so  obtained  is  never  pure,  it  may  com 
tain  (1)  hydrogen  arsenide  from  the  arsenic  in  the 
zinc ; (2)  oxides  of  nitrogen  from  the  nitric  acid  in 
the  sulphuric  acid;  (3)  sulphur  dioxide  and  hydro- 
gen sulphide  if  the  sulphuric  acid  becomes  heated 
during  the  reaction,  because  the  nascent  hydrogen 
then  reduces  the  sulphuric  acid ; (4)  water  vapour. 


Fig  1.— Preparation  of  Hydrogen  from  Zinc  and  Sulphuric  Acid. 

These  impurities  can  be  removed  by  passing  the 
gas  through  four  U -tubes:  the  first  is  filled  with 
broken  glass  moistened  with  lead  nitrate  solution, 
this  removes  the  H2S  ; the  second  with  silver  sulphate, 
which  removes  the  AsHg ; the  third  contains  caustic 
potash,  which  removes  the  SO2  and  oxides  of  nitrogen ; 
the  fourth  with  strong  sulphuric  acid,  which  removes 
the  water. 

(ii)  In  a similar  manner  hydrogen  may  be  pre- 
pared by  the  action  of  diluted  sulphuric  acid  on  the 
metal  iron. 

2Fe  + 2H2SO4  = 2FeS04  + 2H2 

Iron.  Sulphuric  Ferrous  Hydrogen, 

acid.  sulphate 

(iii)  By  the  action  of  hydrochloric  acid  on  the 
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metal  zinc  or  on  the  metal  iron,  hydrogen  is  also 
evolved. 


Zn 

+ 

2HC1  = 

ZnClg 

Zinc. 

Hydrochloric 

acid. 

Zinc 

chloride. 

Fe 

+ 

2HC1  = 

FeCl2 

Iron. 

Hydrochloric 

acid. 

Ferrous 

chloride. 

+ H, 

Hydrogen. 


+ H, 

Hydrogen. 


(iv)  Hydrogen  may  be  obtained  from  water  {a) 
by  the  electrolysis  of  water  (see  page  71),  (h)  by 
abstracting  the  oxygen  from  water,  by  passing  steam 
over  red-hot  iron  turnings  contained  in  a heated  iron 
pipe ; the  iron  unites  with  the  oxygen  of  the  steam 
to  form  the  black  magnetic  oxide  of  iron  (FogO^^),  and 
free  hydrogen  passes  on.  This  constitutes  Barff’s 
process  for  coating  articles  made  of  iron  with  a thin 
coating  of  the  magnetic  oxide  of  iron,  which  forms 
an  extremely  hard  surface,  and  effectually  prevents 
any  future  rusting  of  the  article. 

3Fe  -f  4H2O  = FegO^  + 4H2 

Iron.  Water.  Magnetic  Hydrogen. 

oxide  of  iron. 


(c)  By  the  action  of  either  of  the  metals  potassium 
or  sodium  on  water  at  ordinary  temperatures.  Both 
these  metals  are  lighter  than  water,  and  if  either  of 
them  be  thrown  upon  water,  a violent  action  takes 
place,  hydrogen  being  evolved.  If  the  hydrogen  is  to 
be  collected,  it  is  necessary  to  catch  the  piece  of  potas- 
sium or  sodium  in  some  wire  gauze,  which  is  then 
held  beneath  the  water  under  an  inverted  jar  full  of 
water,  within  which  the  hydrogen  will  then  collect 
(Fig.  2). 

These  metals  liberate  one-half  of  the  hydrogen  of 
the  water,  uniting  with  the  other  half  and  with  the 
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oxygen  to  form  resj)ectively  the  hydrate  or  hydroxide 
of  the  metal,  thus  : 


2K  -f- 

2HoO 

= 2KHO 

+ H2 

Potassimn. 

Water. 

Potiussiiun. 

hydrate. 

Hydrogen. 

2Na  -f 

2H2O 

= 2NaHO 

4-  H2 

Sodium. 

Water. 

Sodium 

hydrate. 

Hydrogen. 

Fig.  2.— Preparation  of  Hydrogen  from  Potassium  and  Water, 


Properties. — Hydrogen  is  a colourless,  tasteless, 
and  odourless  gas.  It  was  liquefied  first  by  Olszewski ; 
recently  Dewar  has  obtained  it  in  larger  quantity  : he 
states  that  its  specific  gravity  is  0 07,  it  is  therefore  by 
far  the  lightest  liquid  known ; it  is  transparent  and 
colourless,  and  boils  at  — 253°,  about  20°  above  the 
absolute  zero  ( — 273°),  it  solidities  at  — 257°  to  an  ice- 
like solid.  It  is  the  lightest  body  known,  and  its  specific 
gravity  is  represented  as  1,  the  specific  gravities  of 
other  gases  representing  the  number  of  times  they  are 
heavier  than  hydrogen  ; air  is  14*4  times  heavier  than 
hydrogen.  The  weight  of  a litre  of  hydrogen,  taken 
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at  0“  C.  and  760  mm.  barometric  pressure,  is  0896 
gramme,  and  is  known  as  the  (from  Kpid//,  a 

barleycorn);  2 grammes  of  hydrogen  at  0°  C,  and  760 
mm.  barometric  pressure  occupy  22‘4  litres  (this  latter 
fact  will  be  found  extremely  useful  in  converting 
weights  of  various  gases  into  volumes).  Hydrogen 
is  combustible,  burning  with  an  almost  invisible 
flame  if  pure,  and  forming,  by  union  with  the  oxygen 
of  the  air,  water  ; it  is  a non-supporter  of  combustion. 

By  the  term  combustion,  as  ordinarily  employed,  is 
meant  union  with  the  oxygen  of  the  air,  such  union 
being  accompanied  by  the  production  of  heat  and 
light,  so  that  combustion  may  be  deflned  as  oxidation 
in  which  the  chemical  action  is  sufficiently  great  to  be 
accompanied  by  the  evident  production  of  heat  and 
light.  It  must,  however,  be  clearly  understood  that 
the  terms  combustible  and  swp’poTter  of  combustion 
are  purely  relative;  thus,  hydrogen  is  combustible 
in  oxygen,  and  oxygen  is  a supporter  of  combus- 
tion ; but  if  the  atmosphere  consisted  of  hydrogen, 
then  oxygen  would  burn  in  it,  and  would  be  the 
combustible  body,  the  hydrogen  then  being  the 
supporter  of  combustion.  It  therefore  follows,  accord- 
ing to  the  accepted  meanings  of  these  terms,  that 
a combustible  body  cannot  be  also  a supporter  of 
combustion,  nor,  conversely,  can  a supporter  of  com- 
bustion be  combustible. 

The  formation  of  water  by  the  combustion  of 
hydrogen  can  be  demonstrated  by  allowing  the  jet  of 
hydrogen  to  burn  within  a cool  bell-jar,  when  the 
water  condenses  on  the  sides  of  the  glass  (Fig.  3). 

The  hydrogen  flame  is  accompanied  with  the  gene- 
ration of  intense  heat,  of  which  advantage  is  taken 
in  the  production  of  the  lime-light.  A jet  of  burning 
hydrogen  (produced  by  the  combustion  of  hydrogen 
with  pure  oxygen)  is  directed  on  to  a piece  of  lime, 
the  particles  of  which  are  raised  to  such  a high  tempera- 
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ture  that  they  become  incandescent,  and  glowing  at  a 
white  heat  emit  the  dazzling  light  known  as  the  lime- 
light. The  reason  why  the  ordinary  hydrogen  flame 
emits  no  light  is,  that  there  is  present  in  it  no  solid 
matter  that  can  be  raised  to  a white  heat  and  so  emit 


Fig.  3.— Formation  of  Water  by  the  Combu.stion  of  Hydrogen. 


light,  for  it  is  essential,  for  a flame  to  emit  light,  that 
there  should  be  present  in  the  flame  some  solid  matter 
or  dense  vapour  capable  of  being  rendered  incandes- 
cent ; in  the  case  of  the  lime-light,  the  lime  is  the 
solid  matter  that  is  introduced  into  the  flame,  and  is 
rendered  incandescent  by  the  intense  heat  geneiated 
by  the  burning  hydrogen. 

When  a light  is  applifed  to  a mixture  of  hydrogen 
and  oxygen,  the  union  of  the  two  gases  is  accompanied 
by  an  explosion ; two  volumes  of  liydrogen  unite  with 
one  volume  of  oxygen,  or  two  parts  by  weight  of 
hydrogen  with  sixteen  of  oxygen,  to  form  water. 

Hydrogen  is  not  appreciably  soluble  in  water  \ it 
is  not,  in  the  ordinary  sense  of  the  term,  a poisonous 
gas,  although  it  is  incapable  of  supporting  life.  It  is 
the  most  diftusible  of  all  the  gases ; by  diffusion  is 
meant  the  property  that  all  gases  have  of  mixing  with 
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one  another,  even  in  opposition  to  the  force  of  gravi- 
tation ; thus,  if  two  Masks  are  taken  (Fig,  4),  the 
lower  one  filled  with  oxygen  and  the  upper  one  with 


hydrogen,  and  are  connected  by  a long  piece  of  narrow 
glass  tubing  passing  through  a perforated  cork  in 
each  flask,  although  the  heavier  gas,  oxygen,  is  at  the 
bottom,  and  the  lighter,  hydrogen,  at  the  top,  yet  the 
hydrogen  will  tend  to  dififuse  downwards  into  the 
oxygen,  and  the  oxygen  will  tend  to  difTuse  upwards 


Fig.  4.— Apparatus  for  Diffusion  of  Gases. 
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into  the  liydrogen,  until  the  two  gases  are  completely 
mixed.  It  is  by  this  property  of  diffusion  that  a 
small  quantity  of  a bad-smelling  gas  escaping,  say 
into  the  corner  of  a room,  soon  demonstrates  by  its 
odour  that  it  has  become  mixed  with  the  entire  atmo- 
sphere of  the  room. 

All  gases  do  not  diffuse  at  the  same  rate,  lighter 
gases  diffuse  more  quickly  than  heavier  ones  ; the  rela- 
tion existing  between  the  rate  of  diffusion  of  a gas  and 
its  specific  gravity  is  formulated  in  what  is  known  as 
Oralmm's  law  of  tlie  diflTiisioii  of  g^ases, 
which  is,  that  gases  diffuse  inversely  as  the  square 
roots  of  their  specific  gravities.  For  instance,  the  spe- 
cific gravity  of  hydrogen  is  1,  that  of  oxygen  16;  the 
square  root  of  the  former  is  1,  of  the  latter  4 ; these 
numbers  inverted  give  the  rate  of  diffusion  of  hydro- 
gen as  four  times  that  of  oxygen. 

Hydrogen  is  a reducing  agent,  by  which  is  meant 
that,  under  certain  conditions,  it  is  capable  of  ab- 
stracting oxygen  from  many  bodies  containing  that 
element ; for  instance,  if  hydrogen  be  passed  over 
fragments  of  red-hot  copper  oxide,  the  oxygen  is 
abstracted  by  the  hydrogen  to  form  water,  the  copper 
oxide  being  reduced  to  the  metallic  state ; thus  ; 

2CiiO  + 2Ho  = 2Cu  -p  2HoO 

Co]iper  Hydrogen.  Copper.  Water. 

oxide. 

Test. — The  best  test  for  hydrogen  is  that  it  burns 
with  an  almost  invisible  flame,  forming  nothing  but 
water.  It  is  also  the  lightest  of  all  the  ordinary  gases. 
In  some  respects  hydrogen  resembles  the  metals,  thus 
it  is  liberated,  like  the  metals,  at  the  negative  elec- 
trode. It  is  also  absorbed  by  several  metals,  notably 
by  palladium  and  potassium,  forming  metallic-looking 
alloys  having  the  formulje  PdoH  and  KoH.  Liquid 
hydrogen,  however,  is  quite  unlike  a metallic  substance. 
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OXYGEN — OZONE. 

Oxygen-Modes  of  Preparation — Preparation  of  Oxygen  from 
Water — Electrolysis  of  Water — Preparation  of  Oxygen  from 
Air — Properties  of  Oxygen — Test  for  Oxygen — Oxygen  in  Re- 
lation to  Respiration — Ozone — Preparation — Tests  for  Ozone. 

OXYGEN. 

Symbol^  O ; molecvle,  O3 ; dyad ; atomic  iveight,  1 6 ; 
molecular  loeight^  32  ; liquefies  a,t  — 183'^. 

Oxygen  is  present  to  a very  large  extent  in  nature. 
In  the  compounds  composing  the  solid  crust  of  the 
earth  it  exists  in  considerable  proportions,  principally 
in  chalk  and  limestone  (calcium  carbonate — CaCO.:.), 
sand  and  flint  (silica — SiOo),and  clay  (aluminium  sili- 
cate— AloSioOy-l- 2HoO).  It  constitutes  f by  weight 
of  water,  and  about  f by  weight  of  air.  Its  name 
is  derived  from  acid,  and  yevvaoj,  I produce, 

since  at  one  time  it  was  believed  that  it  entered  into 
the  composition  of  all  acids,  a belief  which  for  a long- 
time has  been  known  to  be  erroneous. 

lUodcs  of  pi’cpsiratioii. — (i)  By  heating  mer- 
curic oxide  (red  oxide  of  mercury) : 

2HgO  = 2Hg  + O3 

Mercuric  oxide.  Mercury.  Oxygen. 

This  method,  although  by  no  means  the  best  one 
for  obtaining  oxygen,  is  of  interest  from  the  fact  that 
it  was  in  this  way  that  oxygen  was  first  obtained  and 
discovered  by  Priestley  in  1774;  mercury  possesses 
the  property,  when  heated  to  a temperature  of  320*^ 


70 


Chemistry. 


[Part  II. 


with  exposure  to  air,  of  slowly  absorbing  oxygen  from 
the  air,  and  forming  mercuric  oxide,  which,  when  the 
temperature  is  raised  a little  higher,  evolves  its  oxygen, 
tlie  metal  mercury  being  left.  In  1775  it  was  ob- 
tained independently  by  Scheele,  by  heating  strong 
sulphuric  acid  with  black  oxide  of  manganese  : 

2MnOo  + 2H0SO4  = 2MnS04  2HoO  -f  Oo 

JIanganese  Sulphuric  Manganese  Water.  Oxygen, 

black  oxide.  acid  sulphate. 


Fig.  5. — Preparation  of  Oxygen. 

(ii)  One  of  the  best  ways  of  obtaining  oxygen,  for 
experimental  purposes,  is  by  heating  chlorate  of  potas- 
sium in  a glass  flask,  to  whicli  is  fitted  a perforated 
cork  and  bent  tube  for  conveying  the  gas  to  a pneu- 
matic trough,  where  it  can  be  collected  over  water 
(Fig.  6). 

The  whole  of  the  oxygen  of  the  chlorate  of  potas- 
sium is  evolved,  chloride  of  ])otassium  being  left : 

2KCIO3  = 2KC1  + 30^ 

Potassium  Potassium  Oxygen, 

chlorate.  chloride. 


(iii)  Oxygen  can  be  obtained  from  potassium 
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chlorate  at  a much  lower  temperature  by  mixing  it 
with  one-fifth  of  its  weight  of  manganese  dioxide. 
The  chlorate  when  heated  alone  begins  to  evolve 
oxygen  about  370°  \ but  the  mixture  gives  off  its 
oxygen  at  250°.  The  manganese  dioxide  is  found 
unaltered  at  the  end  of  the  reaction,  and  can  be  used 
again  with  a fresh  quantity  of  potassium  chlorate. 
When  a substance  affects  a decomposition  in  this  way 
without  itself  being  apparently  altered  in  composition, 
it  is  said  to  act  by  catalysis. 

(iv)  Oxygen  may  be  obtained  by  strongly  heating 
manganese  dioxide  (black  oxide  of  manganese)  in 
a gun-barrel  closed  at  one  end,  and  fitted  at  the 
other  end  with  a perforated  cork  and  tubing  for  carry- 
ing off  the  gas.  The  manganese  dioxide  only  loses 
one-third  of  its  oxygen,  a lower  oxide  of  manganese 
being  left : 

3MnOo  = M1I3O4  -P  O3 

Manganese  Trimanganic  Oxygen, 
dioxide.  tetroxide. 

(v)  Oxygen  may  be  obtained  by  heating  powdered 
bichromate  of  potassium  with  strong  sulphuric  acid. 

2K3Cr307  + SH.SO.^  = 2Cr3(SO,)3  -p  2K3SO.^.-p 

rotassium  Sulpliuiic  Chroiuiuni  Potassiiiiii 

bichromate.  acid.  sulphate.  sulphate. 

8H2O  -P  3O2 

Water.  Oxygen. 

(vi)  Oxygen  may  be  obtained  from  water  by  two 
processes  : {a)  the  electrolysis  of  water,  and  (6)  decom- 
position of  it  by  means  of  chlorine. 

(a)  Electrolysis  of  water. — This  consists  in  decom- 
posing water  into  its  elements  by  means  of  a 
current  of  electricity.  A glass  vessel,  a (Fig.  6),  is 
taken,  into  which  project  two  platinum  electrodes, 
which  are  connected  through  the  bottom  of  the  vessel 
with  the  wires  B and  c,  which  in  their  turn  are 
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connected  respectively  with  the  positive  and  negative 
poles  of  a battery.  Some  water  acidulated  with  sul- 
phuric acid  (to  render  it  a better  conductor  of  elec- 
tricity) is  placed  in  a,  and  two  glass  tubes,  d and  E, 
are  filled  with  this  acidulated  water,  and  then  in- 
verted over  the  platinum  electrodes.  On  passing  the 
current  of  electricity,  the  water  is  decomposed  into  its 


Fig.  6. — Electrolysis  of  Water. 


elements,  the  hydrogen  being  set  free  at  the  negative 
pole  or  electrode  (c),  and  the  oxygen  at  the  positive 
pole  or  electrode  (b),  the  hydrogen  collecting  in  the 
tube  placed  over  the  negative  electrode,  and  the  oxygen 
in  the  tube  over  the  positive  electrode.  Xlie  volume 
of  hydrogen  evolved  is  double  that  of  the  oxj^gen, 
although  if  the  volumes  of  the  gases  are  very  accu- 
rately compared,  it  will  be  found  that  the  oxygen 
measures  slightly  less  than  one-half  the  volume  of  the 
hydrogen,  this  slight  difference  being  due  to  the  greater 
solubility  of  oxygen  in  water,  as  compared  with 
hydrogen. 


Chap.  II.] 


Preparation  of  Oxygen 


73 


(6)  Decom'position  of  water  hy  chlorine. — If  chlorine 
and  steam  be  passed  through  a porcelain  tube  con- 
taining fragments  of  pumice-stone  heated  to  bright 
redness,  the  chlorine  unites  with  the  hydrogen  of 
the  water,  forming  hydrochloric  acid,  and  the  oxygen 
is  set  free : 

2CI3  -f  2H2O  = 4HC1  -}-  Og 

Chlorine,  Water.  Hydrochloric  Oxygen. 

acid. 

If  the  mixture  of  hydrochloric  acid  gas  and 
oxygen  be  passed  through  a strong  solution  of  caustic 
potash,  the  former  is  absorbed,  potassium  chloride 
being  formed,  and  the  oxygen  is  then  obtained  in  the 
pure  state. 

(vii)  Oxygen  may  be  obtained  from  the  atmo- 
sphere, in  which  it  naturally  occurs  mixed  with 
nitrogen  in  the  proportions  of  21  volumes  of  oxygen  to 
79  of  nitrogen.  As  there  is  no  method  of  absorbing 
the  nitrogen  from  a limited  amount  of  air,  and  so 
leaving  the  oxygen  in  the  pure  state,  the  method  that 
must  be  resorted  to,  if  it  is  desired  to  obtain  pure 
oxygen  from  the  air,  is  to  heat  some  substance  in 
contact  with  the  air,  which  at  one  temperature  will 
absorb  or  combine  with  the  oxygen  of  the  air, 
and  at  another  temperature  will  give  up  in  a pure 
state  the  oxygen  so  taken  from  the  air.  The  simplest 
process  for  effecting  this  is  the  baryta  process. 

The  baryta  process. — This  process  depends  upon 
the  metal  barium  possessing  two  oxides,  a lower  one, 
baryta  (BaO),  and  a higher  one,  barium  dioxide 
(BaOo).  If  baryta  (BaO)  be  raised  to  a dull  red  heat, 
and  air  be  passed  over  it,  the  oxygen  of  the  air  is 
absorbed,  converting  the  baryta  into  barium  dioxide 
(BaO.) : 

2BaO  -1-  O2  = 2BaOo 

Baryta.  Oxygen.  Barium" 

<Boxi(Ie 
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If  now  the  barium  dioxide  be  raised  to  a bright 
red  heat,  it  is  resolved  into  baryta  and  oxygen,  and 
so  the  oxygen  absorbed  from  the  air  is  obtained  in  a 
pure  state  ; 

2BaOo  = 2BaO  + Oo 

Barium  Baryta.  Oxygen. 

dioxide. 


Instead  of  decomposing  the  barium  peroxide  by 
raising  the  temperature,  it  has  been  found  more 
advantageous  to  bring  about  the  reaction  by  reducing 
the  pressure  in  the  tube  or  furnace  containing  the 
heated  dioxide.  Care  is  also  taken  to  purify  the  air 
from  carbon  dioxide,  etc.,  before  passing  it  over  the 
baryta  ; thus  modified  the  process  is  now  employed 
on  a manufacturing  scale  for  obtaining  pure  oxygen. 

Properties. — The  specific  gravity  of  oxygen  is 
16;  it  is  a little  heavier  than  air.  It  is  colourless, 
tasteless,  and  odourless.  Although  non-combustible, 
it  is  a powerful  supporter  of  combustion,  substances 
burning  in  oxygen  much  more  brilliantly  than  they 
do  in  air.  For  instance,  phosphorus  burns  witli  a 
most  intense  light  in  oxygen,  and  even  a steel-wire 
spiral  tipped  with  a piece  of  burning  tinder  and  placed 
in  a jar  of  oxygen  Avill  burn  brilliantly,  producing  a 
shower  of  sparks  (Fig.  7). 

At  — 183°  oxygen  is  converted  into  a pale  blue 
liquid  which  is  attracted  by  a powerful  magnet. 

Oxygen  is  soluble  in  water,  100  volumes  of  water 
dissolving  about  3 volumes  of  oxygen,  and  it  is  by 
means  of  this  dissolved  oxygen  that  fishes’  blood,  cir- 
culating through  the  gills,  becomes  aerated.  Oxygen 
is,  of  course,  non-poisonous,  being  the  life-sustaining 
principle  of  the  air ; but  if  an  animal  be  kept  in  pure 
oxygen  it  rapidly  emaciates,  on  account  of  the  increased 
waste  of  tissue  substance  generated  by  the  absorption 
of  pure  oxygen  into  the  blood,  and  this  occurs  although 
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the  anim£il  may  be  plentifully  supplied  with  food, 
which  it  greedily  devours. 

Test. — The  best  test  for  pure  oxygen  is  one  de- 
pending upon  its  remarkable  power  of  supporting 
combustion  ; if  a piece  of  wood  which  has  been  made 
incandescent  or  glowing  at  one  extremity,  be  plunged 
into  a jar  of  oxygen,  it  bursts  into  flame.  A more 


Fi".  7.— Combustion  of  Steel-wire  in  Oxygen. 

delicate  test  is  to  add  a little  nitric  oxide;  this  is  a 
colourless  gas  which  turns  deep  red  when  it  comes 
into  contact  with  free  oxygen,  being  converted  into 
nitric  peroxide. 

Oxygen  in  relation  to  respiration. — The 

oxygen  of  the  air  taken  into  the  lungs,  during  inspira- 
tion, dissolves  in  part  in  the  moisture  covering  the 
walls  of  the  pulmonary  air-cells,  and  so  passes,  by  a 
process  of  osmosis,  through  the  walls  of  the  Iblood- 
capillaries  into  the  blood,  where  it  unites  with  the 
haemoglobin  or  colouring  matter  of  the  blood,  to  form 
a compound  called  oxyhsemoglobin.  In  this  compound 
the  oxygen  is  conveyed  by  the  blood  to  all  the  tissues 
of  the  body,  which  abstract  the  oxygen  from  its  loose 
union  with  the  haemoglobin,  and  undergo  by  means  of 
it  a process  of  combustion,  and  the  heat  resulting 
from  these  chemical  changes  suffices  to*  luaintaiu 
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the  temperature  of  the  human  body.^  One  of  the 
necessary  and  chief  products  of  the  oxidation  of  the 
animal  tissues  is  carbon  dioxide,  which  passes  away 
in  the  expired  air.  There  is  thus  a constant  inter- 
change of  oxygen  from  the  atmosphere,  and  of  carbon 
dioxide  from  the  blood,  the  air  taken  into  the  lungs 
losing  four  per  cent,  of  oxygen  and  gaining  in  its 
place  four  per  cent,  of  carbon  dioxide.  This  carbon 
dioxide,  which  passes  out  in  the  expired  air  into 
the  atmosphere,  does  not  accumulate  there,  but  is 
absorbed  by  the  leaves  of  plants  (through  small  open- 
ings called  stomata^  and  brought  into  contact  with  the 
chlorophyll  or  green  colouring-matter  of  the  leaves; 
this  during  the  day  decomposes  the  carbon  dioxide  : 
the  oxygen  is  returned  to  the  air,  and  so  the  normal 
composition  of  the  atmosphere  is  maintained  ; at  the 
same  time  the  chlorophyll  possesses  the  power  of 
causing  the  carbon  of  the  carbon  dioxide  to  unite  with 
the  elements  of  water,  and  thus  become  converted 
into  sugar,  starch,  and  other  organic  substances. 

Oxygen  combines  with  every  element,  excepting 

fluorine,  to  form  oxides. 

These  oxides  may  be  divided  into  three  classes. 

1.  Oxides  which  form  acids,  as  sulphur  trioxide, 

phosphorus  pentoxide,  etc. 

2.  Oxides  which  form  bases,  as  potassium 

oxide,  calcium  oxide,  etc. 

3.  Neutral  oxides,  such  as  water,  black  oxide  of 

manganese,  etc. 

OZONE. 

Formula,  O3  ; molecular  weight,  48. 

Ozone  (from  u'C(o,  I smell)  is  an  allotropic  form 
of  oxygen,  three  volumes  being  condensed  into  two. 
It  occurs  naturally  in  the  atmosphere  in  very  small 
quantities,  being  produced  from  the  oxygen  of  the 
air  eithei'  by  electrical  currents  generated  during  a 
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thunderstorm,  or  by  the  weak  currents  of  frictional 
electricity  generated  by  the  friction  of  large  masses  of 
water  (such  as  the  sea)  against  the  air,  or  possibly  by 
the  evaporation  of  water  and  aromatic  bodies  (such  as 
turpentine)  in  presence  of  sunlight. 

Modes  of  preparation. — Ozone  is  prepared  by 
eflecting  the  condensation  of  three  volumes  of  oxygen 
into  two,  but  by  whatever  process  this  may  be  effected, 
it  is  impossible  to  convert  all  the  oxygen  into  ozone  ; 
in  other  words,  ozone  cannot  be  obtained  in  a pure 
state,  but  always  contains  admixed  oxygen,  a mixture 
containing  about  20  per  cent,  of  ozone  to  80  per  cent, 
of  oxygen  being  about  the  strongest  that  has  ever  been 
made.  This  condensation  of  oxygen  into  ozone  may 
be  effected  in  the  following  ways. 

(i)  By  the  silent  passage  of  electricity  through 
damp  oxygen  or  air  ; the  peculiar  odour  noticed  when 
a frictional  electrical  machine  is  being  worked  is  due 
to  the  production  of  ozone  by  this  process.  The 
change  may  be  represented  as  follows,  where  the  pro- 
duction of  two  ozone  molecules  from  three  oxygen 
molecules  is  depicted  : — 


or, 


30.3 

Oxygen. 


Ozone. 


(ii)  Ozone  may  be  prepared  by  exposing  a stick 
of  phosphorus  to  moist  and  warm  oxygen  or  air.  This 
is  best  effected  by  placing  a stick  of  phosphorus  at 
the  bottom  of  a bottle  containing  sufficient  water  to 
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cover  partially  the  phosphorus,  loosely  plugging  the 
mouth  of  the  bottle,  and  placing  it  for  half  an  hour 
near  a fire.  At  the  end  of  that  time  ozone  will  be 
found  in  the  air  of  the  bottle,  if  the  proper  tests  are 
applied. 

Properties. — The  specific  gravity  of  ozone  is  24, 
and  it  is  heavier  than  air ; it  is  colourless,  but  pos- 
sesses a peculiar  odour  which  has  been  compared  to 
that  of  diluted  chlorine,  or  to  phosphorus  slowly 
oxidising.  It  is  non-combustible,  but  is  a supporter  of 
combustion,  and  is  slightly  soluble  in  water.  It  is  a 
powerful  bleaching  and  oxidising  agent,  being  capable 
of  oxidising  such  metals  as  mercury  and  silver  in  the 
cold.  It  rapidly  destroys  cork,  india-rubber,  and  other 
organic  substances.  It  is  an  irritant  to  the  eyes,  nose, 
and  bronchial  tract,  when  present  in  the  air  in  mode- 
rate quantities.  It  is  completely  decomposed  when 
heated  to  300°,  and  is  absorbed  by  turpentine. 

Tests. — The  ordinary  method  for  detecting  ozone 
in  the  air  depends  upon  the  power  tliat  ozone  possesses 
of  liberating  iodine  from  iodide  of  potassium,  the  pre- 
sence of  free  iodine  being  shown  by  the  blue  colour 
that  it  gives  with  a solution  of  starch.  A piece  of 
filter  paper  is  moistened  with  a mixed  solution  of 
iodide  of  potassium  and  starch,  and  is  then  suspended 
for  some  time  in  a current  of  the  air  to  be  tested, 
when,  if  ozone  be  present,  it  will  assume  a blue 
colour.  The  objections  to  the  validity  of  this  test  are 
that  other  bodies  besides  ozone  may  be  present  in  the 
air,  which  also  possess  tlie  property  of  liberating 
iodine  from  iodide  of  potassium,  and  so  giving  a blue 
colour  to  the  starch ; these  bodies  are  chlorine  and 
nitroijen  tetroxide.  It  will  be  seen  from  the  following 
equations  that  when  ozone  liberates  the  iodine  from 
iodide  of  potassium  it  first  forms  potassium  oxide, 
which,  with  water,  forms  caustic  potash,  a body 
that  is  alkaline  to  test-paper  ; whereas  chlorine  and 
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nitrogen  tetroxide  in  liberating  iodine  from  iodide 
of  potassium  form  respectively  chloride  of  potassium 
and  nitrite  of  potassium,  both  of  which  are  neutral 


to  test-paper 

• 

6KI 

Potassium 

iodide. 

+ 

O3 

Ozone. 

= SK.O 

Potassium 

oxide. 

31.3 

Iodine 

then 

3K.O* 

Potassium 

oxide. 

SH.O 

Water. 

= 6KHO 

Caustic  potash 
(Potassium  hydrate). 

2KI 

Potassium 

iodide. 

-f 

CI3 

Chlorine. 

= 2KC1 

Potassium 

chloride. 

+ 

I2 

Iodine. 

2KI 

Potassium 

iodide. 

+ 

2NO2 

Nitrogen 

tetroxide. 

= 2KNOo 

Potassium 

nitrite. 

+ 

Iodine. 

So  that  the  best  test  for  ozone  in  the  air  will  evi- 
dently depend,  not  on  the  liberation  of  iodine  from 
iodide  of  potassium,  since  both  chlorine  and  nitrogen 
tetroxide  can  effect  this,  but  on  ascertaining  whether, 
with  the  liberation  of  the  iodine,  the  solution  of  iodide 
of  potassium  becomes  alkaline,  since  both  chlorine 
and  nitrogen  tetroxide  in  liberating  the  iodine  from 
iodide  of  potassium  leave  the  solution  neutral.  The 
method  of  applying  this  modified  and  improved  test 
for  ozone  in  the  air  consists  in  exposing  a solution  of 
iodide  of  potassium  coloured  with  red  litmus  to  the  air, 
for  some  hours,  in  a shallow  vessel,  when,  if  ozone  is 
present,  the  red  colour  changes  to  blue  ; whereas  if 
chlorine  or  nitrogen  tetroxide  are  present  in  the  air, 
although  they  liberate  the  iodine  from  the  iodide  of 
potassium,  yet  the  chloride  of  potassium  and  nitrite 
of  potassium  respectively  formed,  being  neutral,  are 
incapable  of  changing  the  colour  of  the  red  litmus. 
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That  ozone  consists  of  oxygen  condensed  in  the 
ratio  of  three  volumes  to  two  can  be  shown  by  the 
following  experiment : — 

Some  pure  oxygen  is  enclosed,  over  mercury,  in  a 
graduated  glass  tube  furnished  with  platinum  wires 
and  open  at  the  bottom.  Say,  100  volumes  of  oxy- 
gen are  taken,  sparks  are  passed  through  the  gas  and 
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Fig.  8.— Constitution  of  Ozone. 

the  volume  contracts,  ozone  being  formed,  to  ninety- 
nine.  Turpentine  is  then  passed  up  into  the  mixed 
gases  to  dissolve  out  all  the  ozone.  The  volume  is 
now  ninety-seven.  The  total  quantity  of  oxygen  con- 
verted into  ozone  is  therefore  100  — 97  = 3 vols., 
and  the  ozone  (as  shown  by  the  absorption  with  tur- 
pentine) is  99  — 97  = 2 vols.  In  other  words,  three 
volumes  of  Oo,  when  converted  into  O3,  only  occupy 
two  volumes. 
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CHAPTER  III. 

WATER HYDROGEN  DIOXIDE. 

Composition— Properties— "Water  of  CrystalHsation— Efflorescence 
— Deliquescence — Sources  of  Drinking  Waters — Soft  and 
Hard  Waters — Temporary  and  Permanent  Hardness — River 
and  JMineral  Waters — Solvent  Action  of  Water — Hydrogen 
Dioxide— Modes  of  Preparation — Test  for  Hydrogen  Dioxide. 

WATER. 

Formula^  H„0  ; molecular  weight,  18. 

Coinpositioii. — Water  is  composed  of  hydrogen 
and  oxygen  united  in  the  proportion  of  two  parts  of 
hydrogen  by  weight  to  sixteen  of  oxygen,  or.  by 
volume,  it  is  formed  by  the  union  of  two  volumes  of 
hydrogen  with  one  volume  of  oxygen.  The  compo- 
sition of  water  may  be  proved  in  the  following  ways  : 

(i)  The  analytical  method. — By  electrolysis  or  the 
decomposition  of  water  into  its  elements  by  means  of 
a current  of  electricity  (see  page  7 1). 

(ii)  The  synthetical  method. — (a)  By  introducing 
a mixture  of  two  parts  by  volume  of  hydrogen  to  one 
of  oxygen  into  a eudiometer,  and  then  exploding  the 
mixture  by  means  of  an  electric  spark,  when  water 
will  be  formed.  This  may  be  effected  in  the  Cavendisii 
eudiometer  (Fig.  9,  a),  which  consists  of  a stout  glass 
vessel,  provided  with  a stop-cock  at  the  lower  part, 
and  with  two  platinum  wires  fused  through  the  glass 
at  the  upper  part.  The  eudiometer  is  first  exhausted 
of  air  by  means  of  an  air-pump,  and  is  then  filled 
with  a mixture  of  two  volumes  of  hydrogen  to  one 
volume  of  oxygen  by  connecting  it  with  a bottle  (b) 
containing  the  two  gases  in  those  proportions ; the 
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stop-cock  is  closed  and  tlie  eudiometer  detached 
from  B ; the  gases  mav  then  be  exploded  by  means  of 
an  electric  spark  between  the  two  platinum  M'ires,  the 
electricity  being  furnished  by  a charged  Leyden  jar 
(c).  By  the  explosion  of  the  hydrogen  and  oxygen 


Fig,  9,_Formation  of  Water  by  the  Explosion  of  Hydrogen  and 
Oxygen  in  the  Cavendish  Eudiometer. 


water  will  be  formed,  and  will  be  deposited  as  a film 
upon  the  inner  surface  of  the  eudiometer,  and  the 
complete  conversion  of  these  two  gases  into  water 
will  be  demonstrated  by  the  fact  that,  on  opening  the 
stop-cock  of  the  eudiometer  under  water*  the  interior 
of  it  will  be  immediately  and  completely  tilled  by  the 
water,  on  account  of  the  vacuum  left  within  the 
eudiometer  by  the  union  of  the  hydrogen  and  oxygen, 
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and  the  condensation  of  the  resulting  water  as  a film 
on  the  inner  surface  of  the  vessel. 

A more  instructive  form  of  this  experiment  is 
that  devised  by  Hofmann  (Fig.  10).  A U-shaped 
tube  A,  closed  at  one  end  and  open  at  the  other, 
is  partly  filled  with  a mixture  of  two  volumes  of 
hydrogen  and  one  volume  of  oxygen,  the  gasea  being 
enclosed  by  mercury  in  the  bend 
of  the  tube.  The  closed  limb  a 
of  the  U -tube  is  furnished  with 
two  platinum  wires  at  its  upper 
end  and  is  graduated.  It  is  sur- 
rounded by  a second  tube  b, 
through  which  passes  a stream  of 
vapour  from  the  boiling  amylic 
alcohol  in  the  flask.  By  this 
means  the  tube  A is  kept  at  a 
temperature  of  130°,  well  above 
the  boiling-iDoint  of  water.  As 
soon  as  the  expansion  produced 
by  the  heating  of  the  gases  by 
the  boiling  alcohol  vapour  has 
ceased,  the  open  end  of  the  tube 
is  temporarily  closed  by  a cork, 
and  the  gases  exploded  by  passing 
a spark  between  the  platinum, 
wires.  On  removing  the  cork 
and  levelling  the  mercury,  it  will 
be  seen  that  the  three  volumes  of 
H and  O have  condensed  to  two 
volumes  of  steam,  and  if  the 
stream  of  hot  vapour  be  stopped, 
these  two  Amlumes  of  steam  will  condense  to  a minute 
drop  of  water,  and  the  mercury  Avill  rise  to  the  top  of 
the  tube. 

(6)  The  composition  of  water  by  weight  was 
proved  by  Dumas  in  1843  by  passing  pure  dry 


Fig.  10. — Ilofinaiui’3 
Experiment. 
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hydrogen  over  a known  weight  of  oxide  of  copper 
contained  in  a bulb,  and  heated  to  redness.  The 
hydrogen  unites  with  the  oxygen  of  the  oxide  of 
copper  to  form  water,  and  so  reduces  the  oxide  to  the 
condition  of  metallic  copper. 

2CuO  + 2H2  = 2Cu  + 2H2O 

Copper.  Hydrogen.  Copper  Water, 

oxide. 


The  water,  which  passes  away  from  the  tube  in 
the  form  of  steam,  may  be  collected  in  a previously- 
weighed  chloride  of  calcium  tube,  the  increase  in 
-weight  of  Avhich  at  the  end  of  the  experiment  will 
give  the  amount  of  water  produced,  while  the  loss  of 
weight  of  the  copper  oxide  will  give  the  weight  of 
oxygen. 

Properties. — Pure  water  in  thin  layers  is  a 
colourless  liquid,  but  if  view^ed  through  a tube  six 
feet  in  length  which  is  filled  with  it,  and  which  is 
blackened  at  the  sides  and  provided  with  glass  ends, 
it  is  then  seen  to  possess  a faint  blue  colour — a colour 
that  is  also  well  seen  in  glacier  ice,  in  deep  sea-water, 
and  in  the  Croydon  s-wimming  bath,  where  the  water 
from  deep  chalk  wells  is  used.  The  presence  of  a very 
small  amount  of  animal  organic  matter  (sewage),  or  of 
vegetable  organic  matter  (peat),  will  cause  the  blue 
colour  of  the  water  to  be  replaced  by  a yellow  or 
brownish  tint.  Pure  water  is  tasteless  and  odourless ; 
its  specific  gravity  is  1,  that  is,  it  is  chosen  as  the 
standard  with  which  the  weights  of  equal  volumes  of 
all  other  liquids  and  solids  are  compared ; it  freezes 
at  0°  C.,  and  boils  at  100°  C.,  under  the  normal 
atmospheric  pressure.  A large  number  of  solids  and 
gases  are  capable  of  ])assing  into  the  liquid  state  when 
]>laced  in  water,  i.e.  they  are  soluble  in  the  water. 
Some  liquids,  such  as  alcohol  and  glycerin,  are 
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miscible  with  water  in  all  proportions ; others,  such 
as  chloroform  and  ether,  only  in  small  proportions  ; 
and  others,  such  as  olive  oil  and  castor  oil,  not  at  all. 
Many  solid  chemical  substances  are  capable  of  form- 
ing a loose  chemical  union  with  water,  which  in  this 
solid  form  is  then  known  as  water  of  crystalli- 
satioii.  Examples. — Sodium  carbonate  (NaoCOg, 

lOHoO),  zinc  sulphate  (ZnSO.,  7HoO),  copper  sulphate 
(CuS0„5H„0).  4 - / IF 

Water  of  crystallisation  is  capable  of  being  ex- 
pelled or  driven  off  by  heat,  but  there  are  some 
crystalline  bodies  that  slowly  part  with  their  water 
of  crystallisation  by  simple  exposure  to  the  air.  This 
phenomenon  of  the  spontaneous  loss  of  water  of 
crystallisation  on  exposure  to  the  air  is  known  as 
efflorescence,  and  such  bodies  are  called  efflor- 
escent (from  efiorescens,  blossoming  forth),  on 
account  of  their  assuming  a powdery  condition  ; for 
instance,  ordinary  washing  soda  (NaoCOg,  IOH3O)  is 
a good  example  of  an  efflorescent  body,  crystals  of  it, 
on  exposure  to  dry  air,  losing  their  water  of  crystalli- 
sation, and  becoming  opaque  and  powdery.  On  the 
other  hand,  deliquescence  is  the  power  possessed 
by  certain  solid  substances  of  absorbing  moisture  from 
the  air  to  such  an  extent  as  to  become  moist  and 
finally  liquid,  from  the  solid  dissolving  in  the  absorbed 
water ; such  bodies  are  called  deliquescent  (from 
deliquescens,  melting  away),  on  account  of  the  lique- 
faction that  they  undergo  on  exposure  to  the  air ; 
calcium  chloride  and  potassium  carbonate  are  two 
good  examples  of  deliquescent  substances,  as  they 
soon  become  liquid  on  exposure  to  the  air. 

Sources  and  varieties  of  water  as  used 
for  drinking:  purposes — Rain  and  snow  are  the 
natural  sources  from  which  drinking  waters  are 
derived.  Rain  when  it  falls  upon  the  surface  of  the 
earth  is  disposed  of  in  three  ways  : (1)  part  of  it  is 
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returned  to  the  atmosphere  by  evaporation  ; (2)  part 
of  it  flows  according  to  the  inclination  of  the  surfaces, 
and  so  contributes  to  the  formation  of  brooks,  streams, 
and  rivers  \ (3)  part  of  it  sinks  or  percolates  into  the 
soil  until  it  reaches  an  impermeable  stratum  of  hard 
rock  or  clay,  and  so  forms  the  underground  sources  of 
water  that  are  made  available  for  the  use  of  man 
either  by  coming  to  the  surface  as  springs,  or  by  being 
tapped  by  the  sinking  of  ’wells  or  pumps. 

Rain-water  as  it  leaves  the  clouds  is  pure,  but  in 
its  passage  through  the  air  it  may  absorb  and  collect 
many  substances,  such  as  oxygen,  ^ carbon  dioxide, 
traces  of  ammonia,  sulphur  dioxide,  nitrogen  tetroxide, 
chlorine,  sodium  chloride  (if  in  the  vicinity  of  the  sea), 
particles  of  soot,  and  various  fungoid  and  bacterial 
organisms.  The  rain-water  percolating  through,  or 
flowing  over,  the  soil  may  dissolve  from  it  various 
substances,  such  as  lime  salts,  magnesia  salts,  etc. 
Rain-water  is  a very  soft  water,  and  is  theiefoie  use- 
ful for  washing  purposes.  A soft  water  is  one  in 
which  soap  can  dissolve,  and  therefore  readily  form 
a lather  without  being  precipitated  ; a hard  water, 
on  the  other  hand,  is  one  in  which  soap,  as  fast  as 
it  dissolves,  is  precipitated  by  some  substance  oi  sub- 
stances present  in  the  water,  and  so  the  formation  of 
a lather  is  rendered  difficult.  The  hardness  of  a 
water  is  caused  by  the  presence  of  calcium  and  mag- 
nesium salts  and  may  be  temporary  or  peimanent, 
or  a combination  of  the  two  ; temporary  hardness 
is  that  which  can  be  removed  by  boiling  the  watei, 
and  is  due  to  the  presence  of  the  soluble  bicarbonates 
of  calcium  and  magnesium,  which  on  boiling  are 
converted  into  the  insoluble  carlionates  of  those 
metals,  and  these  being  deposited  constitute  the  Jut 
that  accumulates  in  kettles  and  boilers.  Temporary 
hardness  is  acquired  by  rain  or  stream  water,  contain- 
ing carbon  dioxide  in  solution,  flowing  over  somo 
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form  of  calcium  carbonate  (dialk  or  limestone),  or 
magnesium  carbonate  in  the  soil ; such  water  contain- 
ing carbon  dioxide  in  solution  is  capable  of  forming 
a soluble  bicarbonate  with  either  of  these  carbonate? 
thus  : ’ 

CaCOg  -h  CO.  -p  H.O  = Ca(HCOgK 

Calcium  Carbon  Water.  Calcium 

carbonate.  dioxide.  bicarbonate. 

This  soluble  bicarbonate  loses  part  of  its  carbon 
dioxide  on  boiling,  and  the  insoluble  calcium  carbonate 
is  once  more  formed  and  deposited,  thus  : 

Ca(HCOg).  = CaCOg  -p  CO.  -p  H.O 

Calcium  Calcium  Carbon  Water 

bicarbonate.  carbonate.  dioxide. 

PermaueiU  hardness  is  that  which  cannot  be 
removed  by  boiling,  and  is  generally  due  to  the  presence 
of  calcium  or  magnesium  sulphate.  In  the  case  of 
sea-water  the  hardness  is  due  to  sodium  chloride, 
which  renders  ordinary  soap  insoluble  {seQ  Organic 
CnEMiSTR’i,  Chap.  VIII.).  The  difficulty  experienced 
with  a hard  water  of  obtaining  a lather  with  ordinary 
soap  (sodium  oleate)  is  thus  explained  : as  soon  as 
some  of  the  soap  dissolves,  it  is  converted  into  the 
insoluble  calcium  or  magnesium  oleate,  and  not  until 
all  the  calcium  salts  are  thus  precipitated  do  we  get 
a solution  of  soap  which  forms  the  lather.  The  use 
of^  hard  water,  therefore,  entails  great  waste  of  soar). 
Water  can  be  softened,  if  it  is  only  to  be  used  for 
washing  purposes,  by  adding  a little  sodium  carbonate, 
when  all  the  calcium  and  magnesium  salts  will  be 
precipitated  as  carbonates,  and  after  allowing  these 
to  subside  the  clear  water  will  be  quite  soft.  An- 
other process,  which  is  ajrplicable  to  drinking  water 
and  is  known  as  Clark’s  process,  con.sists  in  adding  a 
weighed  quantity  of  slaked  lime  to  a known  bulk  of 
the  water,  when  the  whole  of  the  lime  added  and 
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the  lime  to  which  the  temporary  hardness  is  due  are 
precipitated.  The  reaction  is  represented  by  the 
equation  : 

{S:  + 

Calcium  Slaked 

bicarbonate.  lime. 

It  will  be  noticed  that  one  molecule  of  calcium  hy- 
drate is  required  to  precipitate  one  molecule  of  the 
bicarbonate. 

The  best  method  of  purifying  water  is  by  dis- 
tillation, when  all  the  solid  impurities  are  left  behind 
in  the  still.  The  first  and  last  portions  of  the  dis- 
tillate should  be  rejected. 

The  principal  constituents  of  three  typical  river 
waters  are  given  below.  The  Dee,  which  flows  over 
hard  insoluble  rocks,  slates,  etc.,  is  a typical  soft 
water  ; the  Thames,  which  cuts  through  the  chalk  and 
has  much  temporary  hardness ; and  the  Trent,  which 
contains  much  calcium  sulphate  and  sodium  chloride  : 

Tliames.  Trent.  Dee. 

Calcium  carbonate  ...  10-8  ...  0-32  ...  O So  grs.  per  gal. 

Calcium  sulphate  ...  3-0  ...  21-55  ...  0 12  „ 

Salt  ...  1-8  ...  17-63  ...  0-72 

Organic  matter  ...  2-36  ...  3-68  ...  1'54  „ 

Sea  water  contains  3 to  4 per  cent,  of  salts,  chiefly 
sodium  chloride  (1,850  grains  per  gallon)  and  mag- 
nesium salts. 

Drinking  water  is  purified  by  filtration  through 
beds  of  sand  and  gravel,  during  which  process  much 
of  the  organic  matter  is  oxidised,  probably  by  the 
combined  action  of  bacteria  and  the  oxygen  of  the 
air. 

Mineral  waters. — These  are  spring  waters  con- 
taining in  solution  some  medicinal  ingredient.  In  the 


= 2CaC03  -I-  2HoO 

Chalk.  Water. 
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following  table  the  more  important  mineral  waters 
aie  enumerated,  with  their  sources  and  composition  ; 


SOURCE. 

Vichy 

Carlsbad 

Ems 

Seltzer 

Malvern 

Apollinaris 


COMPOSITION. 

Altaline  waters,  containing"  so- 
^ dium  carbonate  and  bicarbon- 
ate ; effervescence  due  to  carbon 
dioxide. 


Spa  \ 

Tunbridge  / wvaters,  containing  fer- 

Some  Cheltenham  ( carbonate  held  in  solution 

Waters.  i excess  of  carbon  dioxide. 


Harrogate 

Aix-la-Chajjelle 


I Sulphuretted  waters,  containing 
) tree  sulphuretted  hydrogen. 


Leamington 

Epsom 


I Ajierieut  saline  waters,  contain- 
j ing  magnesium  sulphate. 


tJheltenham  i Aperient  saline  waters,  contain- 
Scarborough  ) ing  sodium  sulphate  and  sodium 
I chloride. 


Bath 

Bristol 

Matlock 


] Calcareous  waters,  containing  cal- 
^ cium  bicarbonate  and  cafcium 
} sulphate. 


3.Ctioil  of  WSlfoi* IVTo  1 

are  soluble  in  water.  As  a rul^  baling  wate^’cH? 

water  X ‘‘““f  ^ ^ eo  d 

saturated.-  If  a‘t  tL^ 

boilmg-point  and  the  solution  be  allowed  to  cool  l.he 

dfsToIvedTt  tf  ‘be  quant  S 

• ^YStais.  liiis  process  is  largely  used  in 
P yiDg  substances  by  “recrystallisation.’’  One 
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notable  exception  to  the  above  rule  is  common  salt, 
which  dissolves  almost  as  readily  in  cold  as  in  hot 
water.  Some  of  the  calcium  compounds  (Ca(H0)2 
and  CaSO  J are  slightly  more  soluble  in  cold  than  in 

hot  water. 

The  solubility  of  gases  in  water  depends  (1)  upon 
the  nature  of  the  gas,  thus  1,000  vols.  of  ammonia 
dissolve  in  1 vol.  of  water,  while  only  •02  vol.  of 
hydrogen  dissolve  in  1 vol.  of  water  j (2)  on  the  tem- 
perature, the  lower  the  temperature  of  the  water  the 
greater  is  the  volume  of  the  gas  dissolved— in  most 
cases  ice  and  boiling  water  contain  no  dissolved  gases  , 
(3)  on  the  pressure,  the  greater^  the  pressure  the 
greater  is  the  volume  dissolved  ; if  you  double  the 
pressure  twice  as  much  gas  is  dissolved. 


HYDKOGEN  DIOXIDE. 


Formula,  HgOg  ; 'molecular  weight,  34. 

Water  and  hydrogen  dioxide  constitute  the  two 
oxides  of  hydrogen.  Hydrogen  dioxide  is  also  known 
as  peroxide  of  hydrogen,  and  as  oxygenated  water,  the 
latter  name  being  given  to  it  on  account  of  the  facility 
with  which  it  decomposes  into  water  and  oxygen. 

Monies  of  preparation. — (i)  Hydrogen  dioxide 
may  be  obtained  by  the  action  of  any  dilute  acid  on 
barium  dioxide.  Thus,  if  diluted  hydrochloric  acid  be 
added  to  barium  dioxide,  double  decomposition  takes 
place,  barium  chloride  and  hydrogen  dioxide  being 

formed  : 


BaOo 

*j 

Bavimn 

dioxide. 


+ 2HC1  = 

Hydrochloric 

acid. 


BiiClj 

Barium 

chloride. 


+ HoO.2 

Hydrogen, 

dioxide. 


Hydrochloric  acid,  however,  is  not  a convenient 
acid  to  use  in  the  preparation  of  hydrogen  dioxide, 
since  this  latter  body  is  contaminated  by  the  presence 
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of  the  soluhle  barium  chloride.  It  is  therefore  prefer- 
able to  select  an  acid  which  will  yield  an  insoluble 
barium  salt,  and  so  leave  only  the  hydrogen  dioxide  in 
solution  ; carbonic  acid  answers  these  requirements 
admirably.  If  carbon  dioxide  be  passed  through  water 
containing  barium  dioxide  suspended  in  it,  carbonate 
of  barium  is  precipitated  and  a pure  solution  of 
hydrogen  dioxide  obtained : 

EaOg  -f  H.O  4-  COo  = BaCO^  -f 

Barium  Water.  Carbon  Barium  Hydrogen 

dioxide.  dioxide.  carbonate.  dioxide. 

(ii)  Hydrogen  dioxide  is  said  to  be  obtained  as 
one  of  the  products  of  the  atmospheric  oxidation  of 
several  of  the  natural  volatile  oils  in  presence  of 
moisture,  such  as  fhe  oils  of  turpentine,  pine,  euca- 
lyptus, etc. 

Properties. — Hydrogen  dioxide  is  a syrupy 
liquid,  but  is  usually  sold  mixed  with  water  of  such 
a strength  that  one  volume,  when  treated  with  an 
acid  solution  of  potassium  permanganate,  evolves 
about  20  volumes  of  oxygen.  It  is  colourless  and 
odourless,  but  possesses  an  astringent  taste,  and  is 
miscible  with  water  in  all  proportions.  It  readily 
splits  up  into  water  and  oxygen  : 

2H2O2  ==  2II2O  -f  O. 

Hydrogen  Water.  Oxygen. 

dioxide. 

This  decomposition  may  be  brought  about  by  boil- 
ing, or  by  bringing  it  in  contact  with  bodies  in  want 
of  oxygen,  when  the  hydrogen  dioxide  readily  parts 
with  one-half  of  its  oxygen ; it  is  in  this  way  that  it 
acts  as  a disinfectant  and  deodoriser.  Hydro^'en  di- 
oxide is  also  a powerful  bleaching  agent  by  virtue  of 
its  power  of  rapidly  oxidising  colouring  matters,  and 
so  bleaching  them  ; its  effect  as  a so-called  hair-dye,  in 
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turning  the  hair  yellow  or  white,  is  simply  that  of  a 
bleaching  agent. 

Test. — Hydrogen  dioxide  possesses  the  property 
of  liberating  iodine  from  iodide  of  potassium,  the  liber- 
ated iodine  turning  starch  solution  blue:  this  is  a 
property,  however,  possessed  by  other  substances,  but 
unlike  all  these  other  oxidising  agents,  hydrogen^  di- 
oxide will  liberate  the  iodine  from  iodide  of  potassium 

in  presence  of  ferrous  sulphate. 

If  hydrogen  dioxide  be  poured  on  some  black 
oxide  of  manganese,  an  effervescence  takes  place, 
owing  to  the  escape  of  oxygen.  This  enables  us  to 
test  the  strength  of  a solution  of  peroxide  of  hydrogen 
by  measuring  the  volume  of  oxygen  evolved.  When 
peroxide  of  hydrogen  is  mixed  with  chromic  acid  and 
a little  ether,  the  ether  is  coloured  a beautiful  blue 
colour,  owing  to  the  formation  of  perchromic  acid, 

HCrO^. 
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CHAPTER  IV. 

NITROGEN THE  ATMOSPHERE. 

Nitrogen  — Preparation  and  Properties  of  Nitrogen  — Test  for 
Nitrogen— Composition  of  the  Atmosphere— Methods  of  de- 
termining the  Composition  of  the  Atmosphere — Proofs  that 
the  Atmosphere  is  a Mixture,  and  not  a Compound,  of  Oxygen 
pd  Nitrogen— Aqueous  Vapour  in  the  Air— Carbon  Dioxide 
111  the  Air — Ozone  in  the  Air — Impurities  in  Aii'. 

NITROGEN. 

Symbol,  N ; molecule,  Ng ; 2^entad  (also  capable  of  act- 
ing as  a triad,  monad,  etc.,  see  page  32) ; atomic 
weight,  14;  molecular  weight,  '2d,  , liquefies  at 
—194'=’. 

Nitrogen  (meaning  generator  of  nitre)  owes  its  name 
to  the  fact  that  it  is  an  essential  constituent  of  nitre 
(nitrate  of  potash).  Nitrogen  is  widely  and  exten- 
sively distributed  in  nature  ; it  constitutes  four-fifths 
of  the  bulk  of  the  atmosphere,  it  is  present  in  all 
natural  nitrates,  and  forms  an  important  constituent  - 
of  the  tissues  and  organs  of  all  animals  and  plants; 
in  animals  it  is  present  in  albumin,  fibrine,  cartilage,^ 
casein,  urea,  etc.  ; in  plants  it  is  present  in  vegetable 
albumin  and  in  all  alkaloids. 

I?loc1es  of  preparation.— (i)  Nitrogen  may  be 
obtained  by  removing  the  oxygen  from  a limited 

volume  of  air  by  any  of  the  following  processes  : 

(a)  By  burning  phosphorus  under  a bell-jar  stand- 
ing over  water  ; the  phosphorus  consumes  all  the 
oxygen  of  the  air  contained  in  the  bell-jar,  forming  a 
white  powder — phosphorus  pentoxide  (PoOg) — v/hich 
dissolves  in  the  water,  forming  phosphoric  acid 
(H3PO4),  and  the  space  formerly  occupied  by  the 
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oxygGn  is  filled  by  the  water  taking  its  place.  The 
gas  within  the  bell-jar  now  occupies  four-fifths  of  the 
original  volume  of  the  air  taken,  and  consivsts  of 

nitrogen. 

if))  By  absorbing  oxygen  from  a confined  volume 
of  air  by  means  of  a solution  of  pyrogallate  of 
potassium. 

(c)  By  passing  air  over  red-hot  copper  turnings 
contained  in  a long  porcelain  tube,  when  the  copper 
unites  with  the  oxygen  of  the  air  to  forin  copper  oxide 
(CuO),  and  pure  nitrogen  passes  on.  This  reaction 
is  much  facilitated  by  adding  a little  ammonia  (NH3) 

to  the  air.  . ^ i e 

id)  By  exploding  in  a eudiometer  42  volumes  ot 

hydrogen  witli  100  volumes  of  air  (the  latter  con- 
taining just  21  volumes  of  oxygen),  when  the  hydrogen 
and  oxygen  will  unite  to  form  water,  which  will 
condense  on  the  sides  of  the  eudiometer,  and  nitiogen 

will  remain.  . 

(ii)  Nitrogen  may  be  very  readily  obtained  by 

boiling  together  solutions  of  potassium  nitrite  and 
ammonium  chloride,  when  double  decomposition  be- 
tween the  two  salts  first  takes  place,  resulting  in  tlie 
formation  of  ammonium  nitrite  and  potassium  chloride. 


KNO2  -f  NH,C1  = NH.NOg 

Potassium  Ammonium  Ammonium 

nitrite.  chloride.  nitrite. 


-f  KCl 

Potassium 

chloride. 


The  ammonium  nitrite  then  splits  up  into  nitrogen 
and  water. 


NH.NO.3  ==  N.3  + *211.30 

Aninioniuni  Nitrogen.  Water, 

nitrite. 

(iii^  Nitrogen  may  also  be  prepared  by  passing 
chlorine  into  solution  of  ammonia,  'when  ammonium 
chloride  is  formed  and  nitrogen  evolved. 
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8NH3  + 3C].  GNH^Cl  + No 

Ammonia.  Chlorine.  Aminonimn  Nitrogen, 

cliloride. 


lu  this  process  care  must  be  taken  to  keep  the 
ammonia  in  excess,  otherwise  the  chlorine  would  act 
upon  the  ammonium  chloride,  forming  the  terribly 
explosive  chloride  of  nitrogen. 

Properties — The  specific  gravity  of  nitrogen  is 
14,  and  it  is  a little  lighter  than  air.  The  properties 
ot  nitrogen  are  mainly  negative ; it  is  odourless, 
tasteless,  colourless,  not  combustible,  a non-supporter 
of  combustion,  and  but  slightly  soluble  in  water'  it  is 
not  poisonous,  since  the  air  contains  about  four-fifths 
of  it  by  volume,  but  it  is  incapable  of  supporting  life 
by  itself.  The  main  function  of  the  nitrogen  of  the 
atmosphere  is  to  dilute  down  the  oxygen,  which  would 
otherwise  be  too  energetic  in  its  action. 

Test.  A lighted  taj>er,  if  plunged  into  a jar  of 
nitrogen,  is  immediately  extinguished,  and  the  gas 
Itself  does  not  ignite.  The  only  other  odourless,  or 
comparatively  odourless,  gas  that  behaves  in  this  way 
IS  carbon  dioxide,  and  the  two  may  be  readily  dis- 
tinguished by  carbon  dioxide  turning  lime-water 
milky , whereas  nitrogen  has  no  effect  upon  lime- 
water.  So  that  the  combined  facts  of  an  odourless 
ps  extinguishing  a lighted  taper,  being  non-com- 
bustible, and  not  turning  lime-water  turbid,  will 
indicate  that  the  gas  is  nitrogen. 


THE  ATMOSPHERE. 

Specific  gravity  = 14 '4  (H  =1). 

The  atmosphere  mainly  consists  of  a mixture  of 
oxygen  and  nitrogen  in  the  following  proportions  : 


Oxygen 

Nitrogen 


By  volume.  By  weight. 
21  23 

79  77 
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Other  bodies,  however,  are,  or  may  be,  present  in 
the  air  in  small  quantities.  In  the  following  list  are 
enumerated  all  the  possible  constituents  of  the  atmo- 
sphere divided  into  three  groups : 1,  the  principal 
constituents  ; 2,  essential  constituents  ; and  3,  occa- 
sional constituents  of  the  atmosphere. 


Oxygen 

Nitrogen 


Principal  constituents  of  the  atmosphere. 


Water  (in  the  form  of  aqueous  i Other  essential 
vapour,  clouds  or  mists)  > constituents  of  the 

Carbon  dioxide  ) atmosphere. 

Ozone 

Nitrogen  tetroxide  and  nitric  acid 

Sulphur  dioxide  and  sulphurous 
and  sulphuric  acids 

Chlorine 

Sulphuretted  hydrogen 

Argon 

Carbonic  oxide 

Particles  of  soot 

Fungoid  and  bacterial  organisms 

In  describing  the  chemistry  of  the  atmosphere,  it 
will  be  convenient  to  discuss  separately  the  con- 
stituents of  the  air,  in  the  order  above  given  in  the 
three  divisions. 

1.  The  principal  coiistitiieiits  of  the  at- 
mosphere—oxygen  and  nitrogen. — As  previ- 
ously stated,  oxygen  and  nitrogen  so  nearly  make  up 
the  entire  bulk  of  the  atmosphere  that,  in  indicating 
the  percentage  composition  of  the  air,  it  is  customary 
to  make  the  percentages  of  these  two  gases  add  up  to 
100,  although  actually  a small  fraction  of  the  per- 
centage composition  should  be  reserved  for  the  other 
constituents  of  the  air. 

Metliods  of  cictcrniining  the  coinposition 
of  the  atmosphere. — (a)  The  eudiomeiric.  method. 


Constituents  that 
are  or  may  he 
present  in  the 
atmosphere  in 
small  quantities. 
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— By  this  method  the  amount  of  oxygen  in  the  air  is 
determined  by  observing  the  contraction  that  takes 
place  after  exploding  a known  volume  of  air  in  a 
eudiometer  with  excess  of  hydrogen ; since  two 
volumes  of  hydrogen  unite  with  one  volume  of  oxygen 
to  form  water,  one-third  of  the  contraction  will  be 
due  to  oxygen,  and  so  the  proportion  of  oxygen 
present  in  the  known  volume  of  air  will  be  ascer- 
tained. 

(6)  Pyrogallate  of2)otassium  method. — This  consists 
in  exposing  a measured  volume  of  air,  contained  in  a 
graduated  tube  standing  over  mercury,  to  the  action 
of  a strong  solution  of  pyrogallate  of  potassium,  which 
possesses  the  property  of  absorbing  oxygen  from  the 
air  ; at  the  end  of  an  hour  the  diminution  in  volume 
of  the  air  is  noted,  and  this  represents  the  amount  of 
oxygen  contained  in  the  measured  volume  of  air 
originally  taken. 

(c)  The  copper  method. — In  this  process  a pre- 
viously-weighed tube  containing  copper  turnings  is 
raised  to  a red  heat,  and  a known  weight  of  air  is 
then  passed  through  it ; the  copper  unites  with  the 
oxygen  of  the  air,  forming  oxide  of  copper,  and  the 
nitrogen  may  be  allowed  to  pass  on  into  a glass  globe 
provided  with  a stop-cock,  which  has  been  previously 
exhausted  of  air  at  the  air-pump  and  then  weighed  ^ 
at  the  end  of  the  experiment  the  increase  in  weight 
of  the  tube  containing  the  copper  turnings  will  give 
the  amount  of  oxygen  contained  in  the  weighed  quan- 
tity of  air  experimented  with,  while  the  increase  in 
weight  of  the  previously  exhausted  globe  will  give 
the  amount  of  nitrogen. 

{d)  The  synthetical  method. — This  consists  in  mix- 
ing together  oxygen  and  nitrogen  in  the  proportion 
of  21  volumes  of  oxygen  to  79  volumes  of  nitrogen, 
when  a mixture  possessing  all  the  properties  of  air 
will  be  obtained. 
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The  atmosphere  a mixture  of  oxygen 
and  nitrogen,  not  a compound  of  those 

gases. — That  the  atmosphere  is  simply  a mechanical 
mixture  of  oxygen  and  nitrogen,  and  not  a chemical 
compound  of  those  two  gases,  may  he  proved  in 
various  ways. 

(а)  By  the  method  of  mixture. — This  consists,  as 
just  described,  in  mixing  together  21  volumes  of 
oxygen  with  79  volumes  of  nitrogen,  when  no  heat  is 
evolved  or  absorbed  ; neither  is  there  any  change  of 
volume  or  colour,  in  fact  there  is  no  sign  of  any 
chemical  action,  and  yet  the  resulting  mixture 
possesses  all  the  physical  and  chemical  properties  of 
air. 

(б)  By  solution  in  water. — Dissolved  air  is  dif- 
ferent in  composition  to  ordinary  air  ; if  the  air  were 
a chemical  compound  of  oxygen  and  nitrogen,  then 
mere  solution  in  water  would  be  unable  to  alter  its 
composition,  whereas  if  it  be  a mixture  of  the  two 
gases,  then,  on  account  of  the  greater  solubility  of 
oxygen  in  water  as  compared  with  nitrogen,  the 
dissolved  air  should  be  richer  in  oxygen  than  ordinary 
air  ; this  is  actually  the  case. 

If  air  be  well  agitated  with  water,  and  then  the 
dissolved  gas  expelled  by  boiling  the  water  and 
collected  in  a tube,  it  will  be  found  on  making  an 
analysis  of  this  dissolved  gas  that  it  contains  more 
oxygen  than  ordinary  air,  as  shown  in  the  following 
table  : — 


Composition  by  volume  of 




Ordinary  air.  Dissolved  air. 


Ox5^gen  . 
Nitrogen  . 


21 

79 


35 

65 


(c)  By  the  difusion  experiment. — If  the  air  were 
a chemical  compound  of  oxygen  and  nitrogen,  then 
on  submitting  it  to  the  process  of  diftusion  it  would 
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diflfuse^  unchanged  in  composition,  since  by  diffusion 
alone  it  is  impossible  to  separate  the  constituents  of 
gaseous  chemical  compounds^  but  if  it  be  a mechanical 
mixture  of  oxygen  and  nitrogen,  then  on  submitting 
it  to  diffusion  the  relatively  lighter  gas  nitrogen 
should  diffuse  at  a greater  rate  than  the  heavier 
oxygen  {see  Graham’s  “ Law  of  Diffusion,  page  70), 
and  this  is  actually  what  does  take  place. 

Fig.  11  represents  the  diffusion  apparatus  for 
proving  that  the  atmosphere  is  a mechanical  mixture 
of  oxygen  and  nitrogen. 

A is  a porous  tube,  consisting  of  unglazed  porcelain, 
passing  through  two  perforated  india-rubber  corks,  d 


Fig.  11.  -Diffusion  Apparatus  for  proving  Air  to  be  a Mixture 
of  Oxygen  and  Nitrogen. 


and  E ; b is  a stout  glass  tube  fitting  tightly  over  the 
corks  D and  e,  and  provided  with  an  arm  or  outlet,  c, 
by  which  it  can  be  connected  with  an  air-pump.  By 
this  means  it  is  possible  to  produce  a vacuum  in  b, 
and  around  that  portion  of  the  porous  tube,  a,  lyinf 
between  the  corks  d and  e ; if,  now,  air  be  passed 
through  A it  will  tend  to  diffuse  through  the  porous 
tube  into  the  vacuum  in  b,  and  on  examining  this  air 
which  has  diffused  through  into  b it  will  be  found 
to  be  richer  in  nitrogen  than  ordinary  air,  owin^/ 
to  the  lighter  nitrogen  having  diffused  through  the 
pores  of  the  tube  a at  a greater  rate  than  the  ifeavier 
oxygen  ; this  separation  by  diffusion  could  only  take 
place  from  a mechanical  mixture  of  the  two  f^ases 
and  not  from  a chemical  compound.  ^ 

{d)  The  relative  weights  of  nitrogen  and  oxygen 
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in  the  air  are  not  simple  multiples  of  their  atomic 

weights  14  and  16.  ^ 

(e)  The  composition  of  the  air  is  not  quite  constant. 

2 Essential  constituents  of  tlie  atino- 
spliere  other  than  oxygen  and  nitrogen. 

ia)  Aqueous  vapour.— is  derived  by  evapora- 
tion from  large  masses  of  water,  such  as  the  sea, 
lakes,  rivers,  etc.  ; from  the  respiration  of  human 
beings  and  animals ; by  evaporation  from  t e 
skin  : and  by  evaporation  from  plants.  This  aqueous 
vapour  of  the  air,  by  condensing  to  small  particles  ot 
water,  forms  clouds  and  mists,  and  by  further  con- 
densation to  actual  drops  of  water  produces  ram  ; it 
when  in  the  fine  state  of  condensation  it  be  frozen, 
snow  is  produced  ; whereas  if  rain  be  frozen  during 
its  transit  to  the  earth,  hail  is  produced. 

The  detection  of  aqueous  vapour  and  the  escima 
tion  of  its  amount  in  the  air  are  effected  by  passing 
a measured  volume  of  the  air  through  a previously- 
weighed  chloride  of  calcium  tube,  when  any  aqueous 
vapour  in  the  air  will  be  readily  absorbed  by  the 
fragments  of  chloride  of  calcium,  and  the  increase  m 
wemht  of  the  tube  at  the  end  of  the  experiment  will 
indfcate  the  amount  of  aqueous  vapom  in  the  volume 
of  air  employed.  The  estimation  of  the  amount  ot 
aqueous  vapour  is,  however,  more  usually  e ec  e y 
physical  methods,  by  determining  the  “dew  point. 

ih)  Carbon  dioxide.— This  gas,  commonly  known 
as  carbonic  acid  gas,  must  be  regarded  as  one  of  the 
essential  constituents  of  the  air  on  account  ot  the 
extremely  important  part  it  takes  in  the  maintenance 
of  vegetable  life  {see  page  76),  although,  if  allowed 
to  accumulate  in  excessive  quantities,  it  becomes 
an  impurity  of  the  atmosphere.  It  is  derived  from 
the  respiration  of  human  beings  and  animals,  and 
from  the  combustion  of  fuel.  The  amount  of  carbon 
dioxide  normally  present  in  the  air  is  very  small. 


Chap.  IV.]  Carbon  Dioxide  in  the  Air. 
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being  4 parts  in  10,000  or  '04  per  cent,,  and  an 
amount  sliglitly  in  excess  of  this  in  the  air  of  in- 
habited rooms  must  be  regarded  as  an  impui-ity,  not 
so  much  on  account  of  the  carbon  dioxide  itself,  as 
because  it  is  derived  from  the  respiration  of  human 
beings,  and  in  the  air  exhaled  from  the  lungs,  putrefi- 
able  organic  matters  are  present  that  have  a decidedly 
deleterious  effect  on  the  health  of  human  beings 
breathing  such  air.  When  the  carbon  dioxide  in  the 
air  of  an  inhabited  room  exceeds  ‘06  per  cent.,  these 
putrefiable  organic  matters  become  noticeable  by 
smell,  rendering  the  air  stuffy  or  foul,  but  since  these 
organic  matters  are  extremely  difficult  to  estimate, 
the  determination  of  the  amount  of  carbon  dioxide 
present  becomes  a useful  gauge  of  the  foulness  of  the 
air.  If  the  carbon  dioxide  be  pure  3 per  cent,  may 
be  present  without  producing  inconvenience.  To 
detect  carbon  dioxide  in  the  air,  all  that  is  necessary 
is  to  expose  some  lime-water  to  the  atmosphere,  when 
the  presence  of  carbon  dioxide  is  indicated  by  the 
lime-water  becoming  turbid  or  milky,  owing  to  the 
precipitation  of  carbonate  of  lime.  To  estimate  the 
amount  of  carbon  dioxide  in  the  air,  a half-gallon 
bottle  is  filled  with  the  air  to  be  examined,  and  a 
measured  quantity  of  baryta-water  is  poured  into  the 
bottle  and  thoroughly  agitated  with  the  air  in  it. 
The  strength  of  the  baryta-water  is  previously  deter- 
mined by  ascertaining  how  much  of  a standard 
solution  of  oxalic  acid  is  required  to  neutralise  the 
same  quantity  of  baryta- water  as  that  introduced  into 
the  half-gallon  bottle.  If  now  the  measured  quantity 
of  baryta-water  that  has  been  agitated  with  the  half- 
gallon of  air  be  filtered  from  the  precipitated  carbonate 
of  barium,  and  its  strength  be  determined  by  noting 
the  quantity  of  standard  acid  that  is  required  to 
neutralise  it,  it  will  be  found  to  be  deficient  in  a 
certain  amount  of  baryta,  which  represents  the 
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quantity  of  baryta  precipitated  by  the  carbon  dioxide 
in  the  half-gallon  of  air,  from  which  the  amount  of 
carbon  dioxide  present  in  the  air  can  be  easi  y 

calculated.  . 

3.  Other  substances  that  may  be  present 

in  the  atmosphere.  O^one.-— This  gas  is  present  in 
minute  quantities  in  country  air  and  in  the  vicinity 
of  the  sea,  but  not,  as  a rule,  in  the  atmosphere  o 
towns.  Its  production  in  the  air,  and  the  ® 

detecting  it,  have  been  previously  described  {see 

^^^rmpiirities.  (a)  Nitrogen  tetroxide  and  nitric 
—These  are  mainly  derived  from  chemical  works 
and  factories.  Small  quantities  of  nitrogen  peroxide 
may  be  formed  by  direct  union  of  the  nitrogen  and 
oxyt^en  of  the  air  during  a thunderstorm,  the  nitrogen 
permcide  subsequently  uniting  with  the  moisture  in 
the  air  to  form  nitrous  and  nitric  acids. 


2N0,  + HjO  = 


Nitrogen 

peroxide. 


Water. 


HNO3  + HNO3 

Nitrous  Nitric 

acid.  acid. 


lb')  Sulphur  dioxide  and  sulphurous  and  sulphuric 
acids  —Derived  from  the  combustion  of  sulphur  in 
coal,  and  from  chemical  works  and  factories. 

(c)  Chlorine.— From  bleaching  powder  and  other 

chemical  works.  i j 

(d)  Sulphuretted  Produced  m tlie 

manufacture  of  coal  gas,  etc.  j f .-.P 

(e)  Carbon  dioxide  in  excess.— A product  ot 

resniration,  combustion  of  coal,  etc. 

\f)  Carbonic  oxide.— From  imperfect  combustion 

of  fuel 

(a)  Particles  of  soot. — Seej.  ^ ^ 

(7i)  Fungoid  organisms  and  bacteria.  Iro 

various  sources 
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In  1894  Lord  Rayleigh  and  Professor  Ramsay  dis- 
covered a new  element  in  the  atmosphere  which  they 
named  Argon ; its  atomic  weight  is  either  20  or  40 
It  IS  the  most  inactive  element  known,  as  it  refuses 
to  combine  with  anything  ; it  occurs  in  the  atmosphere 
to  the  extent  of  about  0-9  per  cent,;  curiously  enough, 
It  was  isolated  by  Cavendish  in  1785,  but  he  failed 
to  recognise  it  as  a new  element.  It  is  a colourless 
gas,  very  much  like  nitrogen,  and  liquefies  at  - 187°. 


T04 


CHAPTER  V. 

OXIDES  OF  NITROGEN — NITRIC  ACID. 


Nitrogen 


Nitre 

tion 

Oxiclea  UL  


THE  OXIDES  OF  NITROGEN. 

There  are  five  couipounds  of  oxygen  and  nitrogen 


N2O  Nitrogen  monoxide,  or  nitrons  oxide,  or  laughing  ga  . 
NO  Nitrogen  dioxide  or  nitric  oxide. 

N.  O.  Nitrogen  trioxide  or  nitrous  anhydride. 

NOo  Nitrogen  tetroxide  or  nitric  peroxide. 

NoOj  Nitrogen  pentoxide  or  nitric  anhydride. 

Of  tliese  oxides,  the  first  four  mentioned  are  gas 
the  last  is  a white  crystalline  solid.  The  hrst  t 
('NoO  and  NO)  are  colourless  gases,  the  second 
N:0.,  and  NO,)  are  both  of  a reddish-brown  co  ou, 
^ "The  chemistry  of  the  individual  oxides  of  nitroi 

will  he  now  considered. 


NITROGEN  MONOXIDE. 

Formula,  NoO ; molecular  loeight,  44  ; liquefies 

at  -90“. 

oa  niiirnn.fi  oxide  and  laughing  gas. 
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N/tfou.<:  Oxide. 


NH^NOs 

Ammon  ill  in 
nitrate. 


N,0  + 2II3O. 

Nitroii.s  Water, 

oxide. 


Pi-opcMies.  — The  .specific  gravity  of  nitrous 
oxide  is  and  it  is  heavier  than  air ; it  is  colourless 
and  odourless  but  lias  a slightly  sweet  taste  ; it  is 
non-combustible  ; it  is  fairly  soluble  in  cold  water,  but 
considerably  less  so  in  hot.  It  is  not  a poisonous  gas, 


Fig.  12.-Preparation  of  Nitrogen  Monoxide. 


althougli  when  inhaled  in  a pure  state  it  produces 
insensibility,  and  is  hence  used  for  the  jiainless  per- 
torinanoe  of  some  minor  operations.  If  the  adminis- 
tration 0 it  be  continued  for  too  long  a time  deX 
from  asphyxia  will  result.  Nitrous  oxide  prepared 
as  above,  usually  contains  some  nitrogen  peroxide 
and  chlorine  (the  latter  from  the  amn.oniun/chlorlde 

To'^^’i^  rid'Tf*  th  ammonium  nitrate), 

o ^efc  rid  of  these  dangerous  impurities,  the  t^as 

should  be  passed  through  potassium  hydhte  and 

ferrous  su  phate  solutions.  The  name  of  “laughing 

ft  , that  if  nitrous  oxide  be 

inhaled  mixed  with  air,  a feeling  of  exhilaration  is 
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produced.  Nitrous  oxide,  when  brought  in  contact 

with  the  air,  remains  unchanged. 

Xests The  fact  that  nitrous  oxide  is  a colourless 

aas,  and  does  not  change  colour  on  exposure  to  the 
air,  is  sufficient  to  distinguish  it  from  the  other  oxides  ^ 
of  ’nitrogen ; it  may,  however,  be  confounded  with 
oxyo-en,  lince  it  rekindles  a glowing  splinter  of  wood. 
It  can  be  readily  distinguished  from  oxygen  by  two 
tssts  * 

ia)  Adding  a little  nitric  oxide,  which  will  pro- 
duce no  effect  with  nitrous  oxide,  but  will  turn  deep 

red  with  oxygen.  , 

(6)  Burning  a piece  of  potassium  in  some  ot  the 

<yas  collected  over  mercury ; nitrous  oxide  liberates 
its  own  volume  of  nitrogen,  and  so  the  volume  of  the 
<ras  when  cold  will  be  unchanged  ; if,  however,  it  is 
pure  oxygen  the  gas  will  disappear,  as  it  combines 
with  the  potassium  to  form  solid  potassium  oxide. 
Phosphorus  and  sulphur,  when  well  alight,  burn 

brilliantly  in  laughing  gas. 


NITROGEN  DIOXIDE. 

Formula,  NO  ; molecular  weight,  30  ; liquefies 

at  -154°. 


Also  known  as  nitric  oxide.  ^ v -j 

jUodes  of  preparation. — (i)  Nitrogen  dioxide 

is  most  readily  obtained  by  pouring  slightly  diluted 
nitric  acid  (of  sp.  gr.  1*23)  upon  copper  turnings,  and 

collecting  the  gas  over  water  (Fig.  13). 

Of  the  nitric  acid  employed,  only  one-fourth  fur- 
nishes the  gas,  the  other  three-fourths  uniting  wnth 
the  copper  to  form  copper  nitrate,  thus  : 

3Cu  -f  SHNO.  = 3Cu(N03l2  + 2NO  + 4^,0 

coppe.  Nitncaddl  Copper  uitra4.  Nitrogen  Water. 
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(ii)  Nitrogen  dioxide  may  also  be  prepared  by 
the  action  of  nitric  acid,  of  the  same  strength  as  just 
mentioned,  on  any  of  the  following  metals  : viz.  iron, 
lead,  mercury,  silver,  and  bismuth. 

Properties. — The  specific  gravity  of  nitrogen 
dioxide  is  15.  As  the  sp.  gr.  of  NO  is  15,  its  mole- 
cular weight  must  be  30,  which  indicates  the  formula 
NO.  In  this  formula  nitrogen  must  act  as  a dyad. 


Fig.  13.— Preparation  of  Nitrogen  Dioxide. 


which  transgresses  the  usual  rule  that  the  valency  of 
an  element  cannot  be  odd  and  even ; but  as  the 
formula  is  confirmed  by  the  great  difficulty  of  liquefy- 
ing this  gas,  which  indicates  a molecule  with  fewer 
atoms  than  nitrous  oxide,  the  formula  NO  is  given  to 
this  substance,  and  the  anomaly  as  regards  the 
valency  of  nitrogen  awaits  future  explanation.  It  is 
a colourless  gas,  but  on  exposure  to  the  air  it  becomes 
of  a reddish-brown  colour,  due  to  its  uniting  with 
oxygen  of  the  air  to  form  either  nitrogen  trioxide  or 
tetroxide.  Thus,  if  in  contact  with  excess  of  air 
nitrogen  tetroxide  will  be  produced  : * 
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2N0  + O3  = 2NO3 

Nitrogen  Oxygen.  Nitrogen 

dioxide.  tetroxide. 

As  regards  the  odour  and  taste  of  nitrogen 
dioxide  nothing  is  definitely  known,  since  it  is  im- 
possible to  either  smell  or  taste  it  without  its  being 
brought  into  contact  with  air,  in  which  case  the  smell 
and  taste  of  either  nitrogen  tri oxide  or  tetroxide 
would  be  observed.  Nitrogen  dioxide  is  non-com- 
bustible. A burning  taper  is  extinguished  when 
plunged  into  this  gas,  but  if  a more  combustible  sub- 
stance, such  as  a brightly  burning  piece  of  phosphorus, 
be  placed  in  the  gas  it  decomposes  the  NO,  liberating 
the  oxygen  in  which  it  continues  to  burn.  It  is 
practically  insoluble  in  water,  and  it  is  a poisonous 
eras.  If  passed  into  a solution  of  ferrous  sulphate  it 
?s  absorbed,  forming  a dark  brown  solution  which 
evolves  nitric  oxide  when  heated  ; advantage  is  taken 
of  this  property  in  the  ordinary  test  for  nitrates,  in 
which  ferrous  sulphate  and  sulphuric  acid  are  added 

as  reagents.  ^ i i i 

TesJ. Nitrogen  dioxide  is  the  only  colourless 

o-as  that  becomes  of  a reddish-brown  colour  on  ex- 
posure to  the  air ; this  is,  therefore,  a very  simple  and 
absolutely  diagnostic  test  for  the  gas. 

NITROGEN  TRIOXIDE. 

Formula,  NoO. ; molecular  weight,  76  ; liquefies 

at  -18°. 

Also  known  as  nitrous  anhydride. 

Modes  of  preparation. — (i)  Nitrogen  trioxide 

is  best  prepared  by  the  action  of  nitric  acid,  at  ^ 
on  white  arsenic  (arsenious  oxide),  when  the  higher 
oxide  of  arsenic  is  produced,  a reddish-brown  gas 
being  evolved,  thus  i 
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AsjO,  + 2HNO3 

Arsenious  Nitric  ’ 

oxide.  acid. 
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AsjOj  + K0O3  + HjO 

Arseuic  Nitrogen  Water, 
oxide.  trioxide. 


(ii)  Nitrogen  trioxide  can  be  obtained,  though  not 
in  a pure  state,  by  the  action  of  nitric  acid,  with 
heat,  on  starch, 

(iii)  Nitrogen  trioxide  may  also  be  prepared  by 
bringing  nitrogen  dioxide  in  contact  with  a limited 
amount  of  oxygen,  or  of  air,  thus  : 


4NO  + O2 

Nitrogen  Oxygen, 

dioxide. 


2N2O3 

Nitrogen 

trioxide. 


Pro|>crHes._If  tbe  reddish  fumes  obtained  by 
any  of  the  above  reactions  be  cooled  to  - 18°,  a blue 
obtained,  whicli  is  believed  to  be  liquid 
NoOg  There  seems  to  be,  however,  considerable 
doubt  as  to  the  existence  of  gaseous  NgOg,  the  reddish 

^‘^ove  being  principally  a mixture 
ot  NO  and  NOg.  When  passed  into  water  the  red 
tumes  dissolve,  uniting  with  the  water  to  form 
nitrous  acid,  a very  unstable  body. 


N2O3 

Nitrogen 

trioxide. 


+ 


H3O 

Water. 


= 2HNO, 

Nitrons' 

acid. 


Similarly  if  passed  into  a solution  of  an  alkali 
or  of  an  alkaline  carbonate,  it  will  form  a nitrite  of 
the  alkali  metal,  thus  : 


2KHO 

Potassium 

hydrate. 


Na.TCO,. 


Sodium 

carbonate 


3 


+ NgOg 
Nitrogen 
trioxide. 


+ ^2^3 

Nitrogen 
trioxide. 


2KNOo 

Potassiuin 

nitrite. 


+ 


2NaN02  + 

Sodiinn 

nitrite. 


H,0 

Water. 


co„ 

Carbon 

dioxide. 


no 
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NITROGEN  TETROXIDE. 

Formula,  NO2  ; molecular  weight,  46 ; 
liquefies  at  +22. 

Also  known  as  nitric  peroxide. 

Modes  of  preparation. — (i)  The  simplest 
way  of  obtaining  nitrogen  tetroxide,  for  experimental 
purposes,  is  by  the  action  of  strong  nitric  acid  on  the 
metal  tin,  when  a violent  action  takes  place  with 
copious  evolution  of  the  gas  and  the  production  of  a 
white  powder,  metastannic  acid. 


5Sn  + 2OHNO3  = H^o^ngOis 

Tin.  Nitric  acid.  Metastannic 

acid. 


+ 20NOj  + SHjO 

Nitrogen  Water, 

tetroxide. 


(ii)  Nitrogen  tetroxide  may  be  obtained  by  mix- 
ing nitrogen  dioxide  with  a sutiiciency  of  oxygen,  or 


of  air. 

2NO  + Oo 

Nitrogen  Oxygen, 

dioxide. 


2NO2 

Nitrogen 

tetroxide^ 


(iii)  It  is  evolved  when  dry  lead  nitrate  is 
heated. 


2Pb(N03)2 

Lead 

nitrate. 


2PbO  + 4NO2  + O.J 

Lead  Nitric  Oxygen 

oxide.  peroxide. 


Properties. — The  specific  gravity  of  nitrogen 
tetroxide  is  23,  and  it  is  therefore  heavier  than  air. 
It  possesses  a reddish-brown  colour,  a strong  irritating 
odour,  and  an  unpleasant  acid  taste.  It  is  non-com- 
bustible, and  the  remarks  made  on  page  108,  as  to 
nitrogen  dioxide  being  a supporter  of  combustion, 
apply  to  this  gas.  It  dissolves  readily  in  water,  pro- 
ducing a mixture  of  nitrous  and  nitric  acids. 
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'2^0.^  + HoO 

Nitrogen  Water, 

tetroxide. 


HNOg  HNO3 

Nitrons  Nitric 

acid.  acid. 


Similarly,  if  passed  into  a solution  of  an  alkali  or 
of  an  alkaline  carbonate,  it  will  form  a mixture  of  a 
nitrite  and  a nitrate  of  the  alkali  metal,  thus  : 


2KHO  + 21^^03 

Potassium  Nitrogen 

hydrate.  tetroxide. 


KNO2  + KNO3  + HgO 

Potassium  Potassium  Water 

nitrite.  nitrate. 


Na,CO^  + 2NO2 

Sodium  Nitrogen 

carbonate.  tetroxide. 


= NaNOj  + NalSrOj  + CO, 

Sodium  Sodium  Carbon 

nitrite.  nitrate.  dioxide. 


Nitrogen  tetro-xide  is  a poisonous  gas ; it  is  not 
changed  when  brought  in  conta'ct  with  the  air. 

The  remarks  made  on  the  formula  of  nitric  oxide 
apply  also  to  nitric  peroxide.  Its  specific  gravity 
however,  varies  with  the  temperature.  Thus,  just 
above  its  boiling-point  (22°),  the  specific  gravity  is 
38-3  ; at  140°  it  is  23 ; so  that  both  molecules, 
NO2  and  N204,  seem  to  exist. 


NITROGEN  PENTOXIDE. 

Formula^  ^2^5!  'molecular  weighty  108: 
melts,  30° ; boils,  45°. 

Also  known  as  nitric  anhydride. 

Mode  of  preparatioii._Nitrogen  pentoxide, 
or  nitric  anhydride,  is  prepared  by  passing  a stream 
ot  chlorine  gas  over  solid  nitrate  of  silver  contained 
in  a glass  tube  and  gently  heated,  when  the  chlorine 
unites  with  the  silver  to  form  silver  chloride,  and  the 
vapour  of  nitric  anhydride  and  oxygen  are  evolved 
the  nitric  anhydride  condensing  as  a white  crystalline 
solid  in  the  cool  part  of  the  tube,  and  the  oxyo-en 
escaping.  ® 
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4AgN0j  + 201,  = 4AgCl  + 2N2O5  + 0, 

Silver  Clilorine.  Silver  Nitrogen  Oxygen. 

nitrate.  chloride.  pentoxide. 

If  too  much  heat  is  employed,  the  nitric  anhydride 
is  decomposed  with  explosive  force. 

Properties.  — Nitrogen  pentoxide,  or  nihric 
anhydride,  is  the  only  solid  oxide  of  nitrogen ; it  is  a 
white  crystalline  substance.  When  placed  in  water 
it  forms  nitric  acid. 

N2O5  + H„0  = 2HNO3 

Nitrogen  Water.  Nitric 

pentoxide.  acid. 

It  decomposes  spontaneously  at  ordinary  tempera- 
tures. 

All  the  oxides  of  nitrogen  are  decomposed  when 
they  are  passed  over  red-hot  copper.  By  this  reac- 
tion, if  the  copper  be  weighed  and  the  nitrogen 
collected,  their  composition  can  be  determined. 

NITRIC  ACID. 

Fonnula,  HNOg  ; molecular  weighty  63  ; 
commences  to  boil  at  86°. 

Mode  of  preparation. — Nitric  acid  is  prepared 
by  the  distillation  of  sulphuric  acid  with  any  nitrate. 
One  of  the  natural  nitrates,  potassium  nitrate  or  so- 
dium nitrate,  is  employed,  and  according  to  the  amount 
of  sulphuric  acid  and  the  heat  used,  an  acid  sulphate 
or  a neutral  sulphate  of  the  alkali  metal  will  be  left 
behind  in  the  retort.  Thus,  if  the  sulphuric  acid  be 
in  excess,  an  acid  sulphate  is  formed : 

KNO3  + H.2S0^  = KHSO4  + HNO3 

Potassium  Sulphuric  Potassium  Nitric 

nitrate.  acid.  acid  sulphate.  acid. 
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At  a higlier  temperatui’e,  if  tlie  nitrate  t>e  in 
excess,  a neutral  sulphate  is  formed  : 

2KNO3  + H0SO4  = KoSO^  + 2HJST03 

Potassium  Sulpliuric  Potassium  Nitric 

nitrate.  acid.  sulphate.  acid. 

Properties. — Nitric  acid,  if  pure,  is  a colourless 
liquid,  fuming  on  exposure  to  the  air,  and  possessing 
an  irritating  smell.  Commercial  nitric  acid  consists 
of  70  per  cent,  of  nitric  acid,  the  remaining  30  per 
cent,  being  water,  and  it  is  of  specific  gravity  1-42. 
Pure  nitric  acid  is  of  specific  gravity  1’52,  and  is  a 
somewhat  unstable  body.  Aquafortis  is  an  old  name 
for  nitric  acid,  given  to  it  on  account  of  its  property 
of  acting  on  most  of  the  metals ; the  only  common 
metals  not  acted  on  by  nitric  acid  are  gold,  platinum, 
and  aluminium.  A mixture  of  two  parts  of  nitric  acid 
to  four  parts  of  hydrochloric  acid  is  known  as  aqua 
regia^  on  account  of  its  property  of  dissolving  gold, 
the  “ king  of  metals.”  A commercial  article  known 
as  yellow  or  fuming  nitric  acid,  which  contains  dis- 
solved nitrogen  tetroxide,  is  made  by  distilling  potas- 
sium nitrate  and  strong  sulphuric  acid  in  the  propor- 
tions to  form  the  neutral  potassium  sulphate,  and 
using  a higher  temperature  than  is  employed  in 
the  manufacture  of  the  ordinary  acid.  Nitric  acid 
corrodes  and  stains  the  skin  and  articles  of  clothing 
yellow  ; the  colour  is  not  removed  but  intensified  by 
the  application  of  solution  of  ammonia.  Strong  nitric 
acid  is  a powerful  corrosive  and  irritant  poison. 

Tests. — Nitric  acid,  whether  in  the  free  state  or 
in  the  form  of  a nitrate,  may  be  detected  by  the  fol- 
lowing tests  ; — (i)  To  a cold  solution  of  a nitrate,  con- 
tained in  a test-tube,  add  its  own  volume  of  strong 
sulphuric  acid,  mix  and  cool  under  the  tap,  incline 
the  tube,  and  pour  gently  dov/n  its  side  a solution  of 
ferrous  sulphate ; a dark  brown  colour  will  then 
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appear  at  the  junction  of  the  two  liquids,  due  to  the 
liberated  nitrogen  dioxide  forming  a dark  brown  com- 
pound with  the  ferrous  sulphate.  This  test,  when 
carefully  conducted,  is  very  delicate. 

(ii)  To  a solution  of  a nitrate  add  some  copper 
turnings,  carefully  add  strong  sulphuric  acid,  and 
then  apply  a gentle  heat  until  a free  liberation  o 
gas  occurs  : this  gas,  which  is  nitrogen  dioxide,  will 
become  of  a reddish-brown  colour  as  it  mixes  with 
the  air  in  the  test-tube. 

Nitrates  can  be  estimated  by  converting  them 
into  ammonia  by  nascent  hydrogen.  The  ammonia  is 
then  distilled  off  and  estimated  by  the  Nessler  test 
{see  Ammonia,  page  120).  The  hydrogen  can  be 
produced  by  adding  some  potassium  hydrate  and 
aluminium  foil  to  the  solution  oi  the  nitiate. 


KNO3  -f  8H  = NH3  + KHO  -f  2H2O 

Potassium  HydrogBu.  Ammonia-  Potassium  ISatcr. 

nitrate.  hydrate. 

NITRATES. 

Nitrates  occurring  in  nature  are  produced  by  the 
oxidation  of  organic  nitrogenous  bodies,  the  resulting 
nitric  acid  becoming  neutralised  by  contact  with  salts 
of  the  alkali  or  alkaline  earth  metals.  In  many, 
if  not  in  all  cases,  this  oxidation  of  the  nitrogen  of 
organic  nitrogenous  bodies  to  nitric  acid,  is  brought 
about  by  the  influence  of  a ferment  called  the  “nitrify- 
ing ferment,”  which  may  exist  in  the  soil  or  in  water. 
The  nitre  or  saltpetre  (KNO3)  formed  in  the  surface 
soil  of  various  parts  of  India  is  produced  by  the  oxid- 
ation of  organic  nitrogenous  bodies  (especially  the 
excreta  of  animals  and  human  beings),  under  the 
influence  of  the  nitrifying  ferment  and  the  tropical 
heat,  in  a soil  rich  in  potassium  salts.  The  action  of 
this  ferment  ceases  when  exposed  to  the  light. 
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The  small  quantities  of  nitrates  (nitrates  of  calcium 
and  magnesium)  that  may  be  present  in  well-waters 
or  river-waters  which  have  been  contaminated  with 
sewage  are  similarly  produced  by  oxidation  of  the 
nitrogenous  matters  of  the  sewage,  under  the  influ- 
ence of  the  ferment,  to  nitric  acid,  and  subsequent 
neutralisation  of  this  acid  by  the  carbonate  of  calcium 
or  magnesium  in  the  water. 

A description  of  the  various  nitrates  and  nitrites 
will  be  given  with  their  respective  metals. 


CHAPTER  VI. 


AMMONIA — AMMONIUM  SALTS. 

Ammonia— Preparation  and  Properties  of  Ammonia  Tests  for 
Ammonia  — Ammonium  — Sources  of  Ammonium  Saite- 
Ammonium  Chloride — Ammonium  Carbonate  — Ammonium 
Nitrate— Ammonium  Bromide— Ammonium  Sulphide— Am- 
monium Acetate — Ammonium  Citrate — Ammcmium  Oxalate 
— Ammonium  Benzoate — Tests  for  Ammonium  Salts. 

AMMONIA. 

FoTTYiula,  NH3  \ moleculojT  weighty  17  ^ 
liquefies  at  — 40°. 

Modes  of  preparation. — (i)  Ammonia  gas  is 
best  prepared  by  lieatiiig  a mixture  of  dry  ammonium 
chloride  and  quicklime  (CaO)  or  slaked  lime 
(Ca(HO)2)  : 

2NH.C1  + CaO  = OaClg  + 2NH3  -f  HgO 

Ammonium  Quicklime.  Calcium  Ammonia.  Water; 
chloride.  chloride. 


or,  2NH4CI  +Ca(HO)2=CaOl5+  2NHj  + OTjO 

^ ^ . /"I..  1 \ m i-. n 1 o Water. 


Ammonium 

chloride. 


Slaked 

lime. 


Calcium 

chloride. 


Ammonia. 


The  ammonia  gas  cannot  be  collected  over  water,  on 
account  of  its  extreme  solubility,  but  maybe  collected 
over  mercury,  or  by  upward  displacement  {see  Fig.  14), 
on  account  of  its  being  lighter  than  air. 

(ii)  Ammonia  may  also  be  prepared  by  heating 
ammonium  chloride,  or  any  other  ammonium  salt,  with 
caustic  potash  or  caustic  soda . 
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NH/.l  + KHO 

Ammonium  Caustic 

cliloride.  potash. 


= NHj  + KCl  + H,0 

Ammonia.  Potassium  Water, 
chloride. 


NH4CI  + NaHO 

Ammonium  Caustic 

chloride.  soda. 


NH3  + NaCl  + H,0 

Ammonia.  Sodium  Water, 
chloride. 


Fig.  !4.-Preparation  and  Collection  of  Ammonia  Gas. 


(ill)  Ammonia  is  obtained  by  the  action  of 
dilute  nitric  acid  on  the  metal  zinc  ; ' 


4Zn  + 9HNO3 

Zinc.  Nitric  acid. 


= ^Zn(N03)2  + NH3  + 3H3O 

Zinc  nitrate.  Ammonia.  Water. 


The  ammonia  is  not  evolved  in  this  case,  but 
unites  with  some  of  the  nitric  acid  to  form  ammonium 
nitiate,  from  which,  however,  it  may  be  set  free  bv 
heating  with  a caustic  alkali. 
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(iv)  Amnioiiia  is  also  obtained  by  the  action  of 
dry  heat  without  contact  of  air  (destructive  distilla- 
tion), on  various  organic  nitrogenous  substances  of 
both  animal  and  vegetable  origin.  Thus,  by  the 
destructive  distillation  of  the  horns  of  animals,  am- 
monia may  be  obtained  ; hence  the  derivation  of  the 
old  name,  “ spirit  of  hartshorn,'’  applied  to  solution  of 
ammonia.  Also  during  the  destructive  distillation  of 
coal,  about  half  of  the  nitrogen  unites  with  some 
of  the  hydrogen  of  the  coal  to  form  ammonia,  which 
is  ultimately  found  dissolved  in  the  light  “ tar  liquor  ’ 
floating  on  the  top  of  the  condensed  tar. 

(v)  Ammonia  is  also  formed  during  the  sponta- 
neous decomposition  of  moist  animal  matter,  and 
during  the  putrefaction  of  urine  (see  Org.  Cheni. 

Chap.  III.)-  . 1 j-  -J.1 

(vi)  By  heating  organic  nitrogenous  bodies  witii 
strong  caustic  alkalies,  the  nitrogen  of  the  organm 
bodies  is  converted  into  ammonia.  Advantage  is 
taken  of  this  fact  in  determining  the  proportion  of 
nitroc^en  present  in  organic  nitrogenous  bodies,  by 
ascertaining  the  amount  of  ammonia  produced,  when 
a weighed  quantity  of  the  organic  body  is  heated 

with  a caustic  alkali.  , . 

Properties. — The  specific  gravity  of  ammonia  is 

8-5,  and  it  is  lighter  than  air  ; it  is  a colourless  gas, 
with  a characteristic  strong  pungent  odour  and  alka- 
line taste  ; it  is  feebly  combustible,  not  catching  fire 
in  air,  but  in  oxygen  it  burns  with  a pale  yellowish 
or  areenish-yellow  flame;  it  also  burns  when  mixed 
with  hydrogen  or  coal  gas,  forming  nitric  acid  ; it  is 
not  a supporter  of  combustion.  It  is  the  most  soluble 
of  all  gases  in  water ; 1 volume  of  water  dissolves 
over  800  volumes  of  the  gas  at  ordinary  temperatures. 
It  is  very  easily  liquefied  by  pressure,  since  at  ordin- 
ary temperatures  under  a pressure  of  seven  atmo- 
spheres it  becomes  liquid.  It  unites  readily  with  acids, 
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forming  ammonium  salts.  It  must  therefore  be  dried 
by  passing  it  over  quick-lime  (CaO).  If  inhaled  in 
large  quantities  and  in  the  pure  state,  it  is  a poison, 
on  account  of  its  irritating  action  on  the  mucous 
membrane  of  the  respiratory  passages.  Ammonia  is 
composed  of  1 volume  of  nitrogen  united  with  3 
volumes  of  hydrogen,  the  4 volumes  being  condensed, 
as  a result  of  the  union,  to  2 volumes ; therefore,  if 
ammonia  gas  is  decomposed  into  its  elements  its 
volume  becomes  doubled,  thus  : 

2NH3  = N3  + 3H2 

2 molecules.  l molecule.  3 molecules. 


Fig  15.— A,  Ammonia  gas  before  the  passage  of  electric  sparks- 
B,  after  passage  of  electric  sparks  for  some  time  (volume  doubled).  ’ 

From  which  it  is  seen  that  2 molecules  of  ammonia 
gas  produce  4 molecules  of  the  mixture  of  nitro<^en 
and  hydrogen,  and,  since  the  molecules  of  all  gases 
occupy  the  same  bulk,  therefore  ammonia  gas  becomes 
doubled  in  bulk  when  it  is  resolved  into  its  elements. 
This  decomposition  of  ammonia  gas  into  its  elements 
can  be  effected  at  a high  temperature,  or  by  passing" 
electric  sparks  for  some  time  through  the  gas  confined 
in  a eudiometer  over  mercury  (Fig.  15). 
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If  after  this  decomposition  into  its  elements  an 
excess  of  oxygen  be  added  and  the  mixture  exploded, 
a great  diminution  in  bulk  takes  place,  owing  to  the 
hydrogen  uniting  with  half  its  volume  of  oxygen  to 
form  a minute  drop  of  water.  Two-thirds  of  this 
diminution  give  the  hydrogen  present  in  the  25  cc.  of 
ammonia.  Thus, 

25  cc.  of  NHg  on  passing  sparks  = 50  cc.  of  N -f  H, 
add  30  cc.  of  oxygen  . •.  80  cc.  of  N + H + O ; 
explode,  the  residual  gas  measures  23-8  cc. 

.•.  diminution  = 80  — 23'8  = 56*2  cc.  ; 

multiplying  by  we  get  37 '5  cc.  of  H 

and  (50  - 37 ’5)  12-5  cc.  of  N in  25  cc.  of  NHg. 

Tests. — (i)  The  odour  of  the  gas  constitutes  a 
fairly  delicate  test. 

(ii)  Dense  white  fumes  are  produced  on  inserting 
a rod  moistened  with  strong  hydrochloric  acid  into  a 
jar  or  tube  of  the  gas. 

(iii)  Moistened  red  litmus  paper  is  turned  blue 
when  brought  in  contact  with  the  gas. 

(iv)  The  most  delicate  test  for  small  quantities 
of  ammonia  in  solution,  as  in  a drinking-water,  is  the 
“ Nessler  test  ” ; this  consists  in  adding  to  the  water 
some  Nessler  reagent  {see  page  256),  when  a reddish- 
brown  colour  or  precipitate  is  produced,  according  to 
the  amount  of  ammonia  present.  This  test  will  detect 
1 part  of  ammonia  in  500,000  of  water.  Up  to  a 
certain  strength,  the  intensity  of  the  colour  produced 
indicates  the  quantity  of  ammonia  present. 

AMMONIUM  AND  ITS  SALTS. 

The  radicle  ammonium  (NHJ  has  never  been 
isolated,  nor  has  the  molecule  (NH^)^.  The  latter, 
however,  has  been  obtained  in  the  form  of  an  amalgam 
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with  mercury,  hy  placing  sodium  amalgam  in  a strong 
solution  of  ammonium  chloride,  when  the  ammonium 
takes  the  place  of  the  sodium,  and  a light,  bulky 
amalgam  with  a metallic  lustre  is  obtained. 

This  ammonium  amalgam  is,  however,  very  un- 
stable, and  in  the  course  of  a few  minutes  is  resolved 
into  free  mercury,  with  escape  of  ammonia  and 
hydrogen  gases. 

According  to  some  observers,  this  amalgam  is 
simply  a mass  of  mercury  swollen  out  by  bubbles  of 
ammonia  gas. 

SoBirces  of  the  ammoniiiiii  salts. — (i)  The 

ammonium  salts  of  commerce  are  principally  prepared 
directly  or  indirectly  from  the  ammoniacal  tar  liquor 
of  the  gasworks  {see  Org.  Chem.  Chap.  V.) ; this  contains, 
in  solution,  free  ammonia,  and  on  distillation,  neutrali- 
sation with  hydrochloric  acid  and  subsequent  con- 
centration of  the  liquid  by  evaporation,  crystals  of 
ammonium  chloride  are  obtained,  (ii)  The  boracic 
acid  of  volcanic  origin  obtained  in  Tuscany  {see  page 
167)  is  accompanied  by  ammonium  salts,  and  on  sub- 
mitting the  crude  boracic  acid  to  heat  with  carbonate 
of  soda,  a very  pure  carbonate  of  ammonium  (the  so- 
called  volcanic  carbonate  of  ammonium)  volatilises 
and  condenses,  (iii)  As  mentioned  on  page  118, 
solution  of  ammonia  (spirit  of  hartshorn)  was  formerly 
prepared  by  the  destructive  distillation  of  the  horns 
of  animals,  (iv)  The  excreta  of  some  animals,  such 
as  camels  and  serpents,  contain  large  quantities  of 
ammonium  salts ; and  by  heating  the  excreta  with 
sodium  chloride  (common  salt),  ammonium  chloride 
volatilises  and  can  be  condensed  in  the  solid  form. 

Ammonium  Salts. 

Aninioniiiiii  cliloricic  (NH^Cl).  Also  known 
as  sal  ammoniac.  As  previously  described,  this  is 


122 


Chemistry, 


[Part.  II 


obtained  from  the  ammoniacal  coal-tar  liquor  of  the 
gasworks. 

Ammonium  carbonate  (N^HigCgOg),  — Pre- 
pared by  heating  a mixture  of  solid  ammonium 
chloride  and  chalk  (calcium  carbonate),  when  the  am- 
monium carbonate  sublimes  as  a white  solid.  This,  the 
commercial  ammonium  carbonate,  is  not  the  normal 
carbonate,  but  consists  of  a mixture  of  two  mole- 
cules of  the  bicarbonate  of  ammonium  (NH^HCOg) 
with  one  molecule  of  the  carbamate  of  ammonium 

thus  : 

2NH4HCOg,  NH4NH2CO2  = N^HigCgOg. 

By  dissolving  this  commercial  carbonate  in  water, 
the  carbamate  unites  with  the  elements  of  water  to 
form  the  normal  carbonate,  thus  : 

NH.NH2CO2  + H2O  = (NHj2COg 

Ammonium  Water.  Normal  ammonium 

carbamate.  carbonate. 

Then,  if  some  solution  of  ammonia  be  added  to 
this  solution,  the  bicarbonate  is  also  converted  into 
the  normal  carbonate,  thus  : 

2NH.HCOg  + 2NHg  = 2(NHj3COg 

Ammonium  Ammonia,  Normal  ammonium 

bicarbonate.  carbonate. 

So  that  to  prepare  a solution  of  the  normal  am- 
monium carbonate,  such  as  is  employed  as  a test- 
reagent,  it  is  necessary  to  dissolve  the  commercial 
carbonate  in  water,  and  then  to  add  some  solution  of 
ammonia. 

Aiiimoiiiiim  nitrate  (NH^NOg). — Prepared  by 
neutralising  nitric  acid  with  ammonium  carbonate,  or 
with  solution  of  ammonia. 
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Amuionium  bromide  -Prepared  by 

neutralising  hydrobromic  acid  with  ammonium  car- 
Donate,  or  with  solution  of  ammonia. 

Ammonium  sulphide  ((NH,)2S).-Prepared 
by  saturating  solution  of  ammonia  with  sulphuretted 
hydrogen  gas. 


2NH3 

Ammonia. 


-f-  HoS 
Sulpluu-etted 
hydrogen. 


Ammonium 

sulphide. 


Ammonium  acetate  (NH.C.HoOo),  Ammo- 
mum  citrate  ammouium 

oxalate  ((NH^)2Cp^),  and  ammoiiiiim  benzoate 

( .^4^7^5^2)  made  by  neutralising  the  respective 
acids  with  ammonium  carbonate,  or  with  solution  of 
ammonia. 


Tests  for  Ammonium  Salts. 

(i)  If  a solution  of  an  ammonium  salt  be  heated 
with  caustic  potash  or  caustic  soda,  ammonia  gas  will 
be  evolved,  which  can  be  recognised  by  its  odour,  by 
Its  turning  moistened  red  litmus  paper  blue,  and  by 
the  white  fumes  produced  when  a glass  rod  moistened 
with  strong  hydrochloi-ic  acid  is  brought  near  it. 

(ii)  If  to  a solution  of  an  ammonium  salt  some 
I^essler  reagent  be  added,  a reddish-brown  colour  or 
precipitate  will  be  produced.  This  reaction  is  only 
used  for  detecting  very  minute  quantities  of  ammonia. 


Other  compounds  of  nitrogen  and  hydrogen  exist 
but  they  are  somewhat  unstable.  * 

Ilydroxylamiiic  (NHoHO)  can  be  obtained  in 
so  u ion  by  the  action  of  nascent  hydrogen  on  nitric 
acid  It  has  been  prepared  in  the  pure  state,  when 
It  forms  a colourless,  odourless,  crystalline  solid, 
w 11c  1 explodes  when  heated  ] it  is  a powerful  re- 
ducing substance. 


124 


Chemistry. 


[Part  II. 


Hydrazine  This  is  a liquid  solidifying 

at  - r ; it  has  a dreadful  odour,  and  fumes  violently 
in  the  air. 

Hydrazine  liydrate  (NoH4HoO)is  a colourless 
fuming  liquid  which  attacks  and  corrodes  glass,  cork, 
india-rubber,  etc.  It  is  a reducing  substance,  and 

forms  salts  with  acids  (112^4^9^)*.  . . j.  ofr® 

Azoimide  (NgH)  is  a liquid  boiling  at  o7  , 

has  a fearful  odour,  is  very  soluble  in  water,  form^ing 
an  acid  solution  resembling  hydrochloric  acid  : thus, 
it  dissolves  iron  and  magnesium,  evolving  hydrogen, 
gives  a white  precipitate  with  silver  nitrate,  and 
forms  dense  white  fumes  with  ammonia.  It  explodes 
with  great  violence  when  heated. 
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CHLORINE — OXIDES  AND  ACIDS  OF  CHLORINE. 


Halogen  Elei^nts— Chlorine— Preparation  and  Properties  of 

foi"  Chlorine— Hydrochloric  Acid— Nitro- 
Acid  — Chlorine  Monoxide  or  Hypochlorous 
Anhydnde— Chlorine  Tetroxide  or  Chlorine  Peroxide— 
Hypochlorous  Acid  — Chlorinated  Bodies  — Chloric  Acid— 
Ferchloric  Acid. 


HALOGEN  ELEMENTS. 

The  halogen  elements,  viz.  fluorine,  chlorine,  bromine, 
and  iodine,  are  four  elements  that  are  closely  allied 
to  one  another  in  their  properties.  With  metals  they 
all  form  compounds  analogous  to  sea-salt,  hence  the 
derivation  of  the  term  halogen  (from  aXc,  sea-salt ; 

yevvato,  I produce).  None  of  them  occurs  free  in 
nature. 

CHLORINE. 

Symbol,  Cl;  molecule,  CL;  monad;  atomic  weight, 
35-5  ; molecular  weight,  71  ; liquefies  - 34°. 

Chlorine  occurs  in  nature  combined  with  metals 
as  chlorides,  of  which  the  commonest  is  sodium 
chloride,  sea-salt  or  rock-salt.  The  name  chlorine  is 
derived  from  x^^P<k,  green,  on  account  of  the  greenish- 
yellow  colour  of  the  gas. 

ITlodcs  of  preparation — (i)  Chlorine  is  most 
readily  prepared  by  heating  a mixture  of  strong  hydro- 
chloric acid  and  manganese  dioxide  (black  oxide  of 
manganese),  and  collecting  the  gas  by  downward  dis- 
placement of  air  (Fig.  16). 
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MnO,  + 4HC1  = MnClj  + SH^O  + Cl, 

Maiigaiiese  Hydrochloric  Manganese  Water 

dioxide.  acid.  chloride. 

(ii)  Chlorine  may  also  be  prepared  by  heating  a 
mixture  of  common  salt,  manganese  dioxide,  and 
sulphuric  acid. 


Fig.  16. — Preparation  and  Collection  of  Chlorine. 


2NaCl 

Sodium 

chloi’ide. 

+ Mn02 

Manganese 

dioxide. 

4- 

2H,SO^ 

Sulphuric 

acid. 

= MnSO^ 

Manganese 

sulphate. 

NajSOj 

Sodium 

sulphate 

+ 

Clo  + 

Chlorine 

2HoO 

Water. 

In  a similar  way,  chlorine  may  be  obtained  by  the 
action  of  manganese  dioxide  and  sulphuric  acid  on 
any  metallic  chloride. 

(iii)  By  passing  a mixture  of  hydrochloric  acid 
eras  and  air  over  red-hot  bricks,  chlorine  is  liberated ; 
by  this  method  the  chlorine  obtained  is  necessarily 
inixed  with  the  nitrogen  of  the  air,  an  admixture  of 
but  little  importance  when  the  chlorine  is  to  be  used 
for  manufacturing  purposes. 


Chap.  VII.)  Preparation  of  Chlorine. 


4HC1  + 02  = 

Hj'drochloric  Oxygen 
acid  gas.  of  the  air. 


2H„0  + 2CI2 

Water.  Chlorine. 
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(iv)  Deacon’s  process  for  the  manufacture  of 
chlorine  consists  in  passing  a mixture  of  hydrochloric 
acid  gas  and  air  over  heated  fragments  of  pumice 
stone  saturated  with  cupric  chloride.  The  cupric 
c loride  is  decomposed  into  cuprous  chloride,  evolving 
one-half  of  its  chlorine.  ® 


2CUCI2  = CuoClo  + Cl 


Cupric 

chloride 


Cuprous 

chloride. 


Chlorine. 


The  cuprous  chloride  is  then  reconverted  into 
cupric  chloride  by  means  of  chlorine,  which  is  liberated 

from  the  hydrochloric  acid  gas  by  the  oxygen  of  the 
air. 


air. 
2CU3CI3 

Cuprous 

chloride. 


+ 4HC1  + O2 

Hydrochloric  Oxygen 
acid  gas.  of  the  air. 


4CUCI3  + 2H,0 

Cupric  Water, 

chloride. 


The  cupric  chloride  then  again  becomes  reduced 

to  cuprous  chloride  with  evolution  of  half  its  chlorine 
and  so  on.  ■iuiiui, 

..f  Pa  “Y  obtained  by  the  electrolysis 

of  hydrochloric  acid,  or  of  a solution  of  salt,  usin- 

electrodes  of  gas-carbon ; equal  volumes  of  chlorini 
and  hydrogen  are  evolved,  the  chlorine  being  set  free 
at  the  positive  pole,  and  the  hydrogen  or  sodium 
(immediate^  converted  by  the  water  into  sodium 
hydrate  and  hydrogen)  at  the  negative  pole 

„ The  specific  gravity  of  chlorine  is 

J5  5;  It  is^a  heavy  gas,  being  times  heavier  than 
a r.  It  has  a greenish-yellow  colour,  a very  un- 
pleasant suflfocating  odour,  and  a disagreeable  taste. 

. IS  non-combustible,  as  chlorine  will  not  combine 
directly  with  oxygen,  but,  in  an  atmosphere  of 
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hydrogen,  chlorine  will  burn  with  a pale  livid  flame, 
producing  hydrochloric  acid ; and  conversely,  hydrogen 
will  burn  in  an  atmosphere  of  chlorine.  Chlorine  is 
a supporter  of  combustion  in  a limited  sense  only  , if 
a burning  body  contains  hydrogen,  then  it  will  con- 
tinue to  burn  in  chlorine  with  a feeble  flame,  the 
chlorine  uniting  with  the  hydrogen  to  form  hydro- 
chloric acid,  but  not  uniting  with  the  carbon  of  the 
burning  body.  Thus,  if  a lighted  candle  be  lowered 
into  a jar  of  chlorine,  the  candle  will  continue  to  burn 
with  a reddish  flame,  and  all  the  carbon  will  be  set 
free  as  a dense  smoke.  A piece  of  glowing  charcoal 
will  not  burn  in  chlorine,  since  it  contains  no  hydrogen. 
If  a piece  of  paper  saturated  with  oil  of  turpentine 
(CioHje)  be  thrown  into  a jar  of  chlorine,  the  turpen- 
tine catches  fire  from  the  heat  produced  by  the  rapid 
union  of  the  chlorine  with  the  hydrogen,  but  all  the 
carbon  is  set  free  as  dense  smoke. 

Chlorine  is  also  a supporter  of  combustion  as 
regards  the  following  bodies.  A piece  of^  phosphorus 
catches  fire  when  introduced  into  chlorine,  forming 
the  pentachloride  of  phosphorus  (PCI5).  Chlorine 
will  also  combine  with  all  metals,  forming  metallic 
chlorides  \ and  if  some  metals  in  a fine  state  of 
division  (such  as  powdered  antimony)  be  thrown  into 
a jar  of  chlorine  they  will  ignite  spontaneously,  from 
the  heat  produced  by  the  intensity  of  the  union  of 
the  chlorine  with  the  metal.  Chlorine  is  soluble  in 
water,  1 volume  of  water  dissolving  about  2^  volumes 
of  the  gas  ; it  must,  therefore,  be  collected  over  hot 
water,  or  by  displacement,  not  over  mercury,  since  it 
would  combine  with  that  metal.  When  submitted  to 
a pressure  of  six  atmospheres,  at  ordinary  tempera- 
tures, it  is  condensed  to  a yellow  liquid. 

Chlorine  is  a poisonous  gas,  acting  as  a poweiful 
irritant  to  the  mucous  membrane  of  the  respiratory 
passages.  Chlorine  is  also  an  important  bleaching  and 
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disinfecting  agent  \ it  bleaches  all  vegetable  colours  in 
presence  of  moisture,  acting  in  two  ways  : partly  by 
uniting  with  the  hydrogen  of  the  dye  and  replacing 
it  by  chlorine,  and  so  forming  a colourless  substitution 
pioduct , and  partly  by  uniting  with  the  hydrogen  of 
the  water  and  liberating  oxygen,  which  in  the  nascent 
state  oxidises  *and  destroys  the  colouring  matter. 
Chlorine  does  not  bleach  mineral  colours.*  As  a dis- 
infecting agent,  chlorine  acts  as  a powerful  germicide, 
but  its  unpleasant  odour  and  irritating  properties 
when  inhaled  prevent  its  general  use  as  a disinfectant. 
Chlorine  is  also  a deodoriser,  acting  by  virtue  of  its 
affinity  for  hydrogen,  by  uniting  with  the  hydrogen 
of  bad-smelling  gases  and  so  decomposing  them  ; for 
instance,  if  chlorine  be  brought  in  contact  with  sul- 
phuretted hydrogen,  hydrochloric  acid  is  formed  and 
sulphur  precipitated. 


2H2S  H-  201, 

Sulphuretted  Chlorine, 

hydrogen. 


= 4HC1  4-  Sg 

Hydrocliloric  Sulphur, 
acid  gas. 


The  two  most  marked  chemical  properties  of 
chlorine  are : (u)  its  property  of  combining  with 
hydrogen;  (6)  its  property  of  uniting  with  metals. 
Several  instances  of  both  these  properties  have  been 
given  ; a further  illustration  of  the  first-mentioned 
one  may  be  given  here.  So  great  is  the  power  of 
chlorine  of  uniting  with  hydrogen,  that  if  chlorine 
water  be  simply  exposed  to  direct  sunlight  it  is  de- 
composed, the  chlorine  uniting  with  the  hydro<^en  of 
the  water  and  setting  free  the  oxygen.  ^ 


2H2O  -f  2Cb 

Water.  Chlorine. 


= 4HC1  + o. 

Hydrochloric  Oxygen, 
acid. 


If  a mixture  of  equal  volumes  of  hydrogen  and 
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chlorine  be  exposed  to  sunlight,  the  mixture  will 
explode. 

Tests. — (i)  The  colour,  the  odour  and  the  fact 
that  a piece  of  moistened  litmus  paper  (blue  or  red) 
is  bleached  by  the  gas,  constitute  very  fair  tests  for 
chlorine. 

(ii)  The  most  delicate  test  for  chlorine  is  based 
upon  the  fact  of  its  liberating  iodine  from  iodide  of 
potassium,  the  liberated  iodine  in  contact  with  starch 
forming  a blue  compound.  If  a piece  of  blotting- 
paper  be  dipped  in  a mixed  solution  of  potassium 
iodide  and  starch  paste,  and  then  be  brought  in  con- 
tact with  chlorine,  it  is  turned  of  a blue  colour. 
(N.B. — This  reaction  is  also  produced  by  ozone,  and 
by  nitrogen  trioxide  and  peroxide,  see  page  79.) 


HYDROGEN  CHLORIDE. 

Formula,  HCl ; molecular  iveight,  36 ‘5 ; liquefies 

at  - 102°. 

A solution  of  this  gas  is  known  as  muriatic  acid, 
hydrochloric  acid,  and  spirit  of  salt.  The  latter  name 
is  applied  to  an  impure  form  of  the  acid,  which  is  of 
a yellowish  colour  from  contamination  with  ferric 
chloride ; it  also  generally  contains  arsenic  ^ as  an 
impurity,  derived  from  the  impure  sulphuric  acid 
that  is  used  in  its  manufacture. 

Modes  of  preparation.— (i)  Hydrogen  chloride 
is  most  easily  prepared  by  heating  a mixture  of  sodium 
chloride  (common  salt)  and  sulphuric  acid. 


2NaCl  + HoSO^ 

Sodium  Sulpliuric 

chloride.  acid. 


Na^SO^  + 2HC1 

Sodium  Hydrogen 

sulphate.  chloride. 


The  hydrogen  chloride  is  given  off  as  a gas,  and 
after  washing  it  through  a small  quantity  of  water,  it 
is  conveyed  into  water  contained  in  a bottle  kept  cool 


Chap.  VII.]  Hydrochloric  Acid. 


by  being  surrounded  witli  water  (Fig.  17). 
dissolves  in  the  water,  and  this  solution 
the  hydrochloric  acid  of  commerce. 


It  readily 
constitutes 


Fig.  17.— Preparation  of  Hydrochloric  Acid. 


(ii)  In  a similar  manner,  hydrochloric  acid  may 

' M Hydrogen  chloride  may  be  prepared  by  mix- 
ing together  equal  yolumes  of  hydrogen  and  cldorine 
and  exposing  the  mixture  of  gases  to  diffused  lio-ht 
ivhen  they  combine  quietly;  if  the  mixture  be  exposed 
to  strong  sunlight,  or  if  a light  be  applied  the^  two 
gases  unite  suddenly  with  an  explosion.  The  volume 
o hydrochloric  acid  gas  formed  is  exactly  equal  to 
the  volumes  of  the  constituents  ; for  ^ 


*"2  '^'*^2 
1 molecule.  i molecule. 


2HC1 

2 molecule!!. 


Cl,  = 

lolecule. 

One  molecule  of  hydrogen  unites  with  one  molecule  of 
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chlorine  to  produce  two  molecules  of  hydrochloric 
acid  gas. 

(iv)  Hydrogen  chloride  is  also  formed  when  a 
mixture  of  steam  and  chlorine  is  passed  through  a 
red-hot  porcelain  tube. 

2H„0  + 2CI2  = 4HC1  + O3 

Water.  Chlorine.  Hydrogen  Oxygen. 

chloride. 

Properties. — Hydrogen  chloride  is  a colourless 
gas  of  specific  gravity  18 "2 5,  and  is  therefore  some- 
what heavier  than  air ; it  possesses  a pungent  odour, 
and  an  intensely  acid  taste  ; it  is  neither  combustible 
nor  a supporter  of  combustion.  It  fumes  when 
brought  in  contact  with  the  air,  owing  to  its  dissolv- 
ing in  the  moisture  of  the  air,  and  forming  a cloud 
of°  hydrochloric  acid.  It  is  very  soluble  in  water, 

1 volume  of  water  dissolving  454  volumes  of  the  gas 
at  ordinary  temperatures;  this  solution  of  the  gas 
in  water  constitutes  hydrochloric  or  muricdic  acid. 
The  acid  is  a fuming  liquid  of  specific  gravity  IT 6, 
and  containing  32  per  cent,  by  weight  of  hydrogen 
chloride.  It  is  decomposed  by  a current  of  electricity 
(using  gas-carbon  electrodes)  into  its  elements,  equal 
volumes  of  chlorine  and  hydrogen  being  evolved,  the 
former  from  the  positive  pole  and  the  latter  from  the 
negative  pole  (at  first  only  hydrogen  is  evolved,  all 
the  chlorine  being  dissolved  in  the  fluid). 

Hydrochloric  acid  is  very  useful  in  the  laboratory 
as  a solvent;  it  dissolves  many  metals  and  oxides 
forming  chlorides  : all  chlorides  are  soluble  in  water 
except  silver,  mercurous,  cuprous,  and  lead  chlorides 

(the  latter  dissolves  in  hot  water). 

Tests. (i)  For  the  gas.— It  fumes  when  brought 

in  contact  with  the  air,  and  also  produces  a dense 

white  cloud  when  brought  in  contact  with  ammonia 

eras  ; it  turns  blue  litmus  paper  red. 
o ^ 
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(ii)  For  the  liquid. — Nitrate  of  silver  gives  a 
'white  curdy  precipitate,  which  is  insoluble  in  strong 
nitric  acid,  but  is  soluble  in  solution  of  ammonia. 

(iii)  "W'  hen  hydrochloric  acid  is  heated  with  MnOj, 
chlorine  gas  is  evolved. 


NITRO-HYDROCHLORIC  ACID  OR  AQUA 

REGIA. 

This  name  is  given  to  a mixture  of  strong  nitric 
and  hydrochloric  acids  \ the  mixture  has  a very 
powerful  solvent  action  on  metals.  As  we  have  seen, 
the  name  aqua  regia  is  derived  from  the  fact  that  it 
dissolves  gold — the  “king  of  metals.’'  Its  solvent 
action  on  metals  is  due  to  the  nitric  acid,  in  presence 
of  the  metal,  liberating  chlorine  from  the  hydrochloric 
acid,  the  nascent  chlorine  then  uniting  with  the  metal. 
This  is  best  represented  in  two  equations,  thus  : 


2HNO3  + 6HC1  = 4HoO  + 2NO  + 3CL 

Nitric  aci4.  Hydrochloric  Water.  Nitrogen  Chlorine  • 

dioxide.  ’ 


then  2Au  + SCI.,  = 2AuC]o 

Gold.  Clilorine.  Gold  chloride. 

COMPOUNDS  OF  CHLORINE  AND 

OXYGEN. 

Chlorine  and  oxygen  do  not  unite  directly  ; but 
indirectly  they  may  be  made  to  form  the  two  follow- 
ing oxides  of  chlorine  ; 

Cl^O  Chlorine  monoxide  or  hypochlorous  anhydride. 
Cla04  Chlorine  tetroxide  or  chlorine  peroxide. 
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CHLORINE  MONOXIDE  OR  HYPO- 
CHLOROUS  ANHYDRIDE. 


Formula,  CI3O ; molecular  weight,  87. 

Mode  of  prep  aval  ion. — By  the  action  of 
chlorine  gas  on  the  yellow  or  precipitated  mercuric 
oxide. 


2HgO  -f  2CI2  = 

Mercuric  oxide.  Chlorine. 


HgjOCl,  + C1,0 

Mercuric  Chlorine 

Oxychloride.  monoxide. 


Properties. — Chlorine  monoxide  is  a yellowish 
"as  possessing  an  odour  similar  to  that  of  chlorine ; 
when  heated  it  decomposes  into  its  elements  with 
explosive  violence.  It  unites  with  water,  forming 
hypochlorous  acid. 

CLO  -f  H.0  = 2HC10 

Hypochlorous  Water.  Hypochlorous 

anhydride.  acid. 

CHLORINE  TETROXIDE  OR  CHLORINE 

PEROXIDE. 

Formula,  CI2O4;  wolecular  weight,  135. 

Motle  of  preparauon  — By  very  gently  heat- 
in"  potassium  chlorate  with  pure  sulphuric  acid, 
chloric  acid  is  first  formed  and  then  breaks  up. 

3HCIO3  = HCIO,  + CLO,  -f  H„0 

Chloric  Perchloric  Chlorine  >'  ater. 

acid.  acid.  Peroxide. 

Properties Chlorine  tetroxide  is  a dark  yellow 

gas,  exploding  with  terrific  violence  when  heated. 
Great  care  is  required  in  its  preparation. 
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OXYACIDS  OF  CHLORINE. 
There  are  tliree  oxyacids  of  chlorine,  viz. : 

HCIO  Hypochlorous  acid. 

HCIO3  C!hloric  „ 

1 HCIO4  Perchloric  „ 


HYPOCHLOROUS  ACID. 

Formula,  HCIO. 

Mode  of  preparatioii._(i)  By  the  action  of 
hypochlorous  anhydride  on  water. 

CLO  HoO  = 2HC10 

Hypochlorous  Water.  Hypochlorous 

anhydride.  acid. 


(ii)  By  shaking  chlorine  water  with  -calcium 
carbonate. 


CaC03 

Calcium 

carbonate 


-I-  HjO  -I-  201.  = CO.  -I- 

Water.  Chlorine.  Carholu 

dioxide. 

2HC10  + CaCl, 

Hypochlorous  Calcium 

^cid.  chloride. 


Properties  and  compounds — Hypochlorous 
acid  when  mixed  with  hydrochloric  acid  suffers  decom- 
position, chlorine  being  evolved. 


HCIO  + HCl  = CL  + 

Hypochlorous  Hydrochloric  Chlorine, 
acid.  acid. 


HoO 

Water. 


®yP®^^lorous  acid  enters  into  the  composition  of 
the  chlorinated  bodies,  which  consist  of  a mix- 
ture of  a chloride  and  a hypochlorite.  The  following 
are  the  principal  chlorinated  bodies  : 
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CaClj,  Ca(CK))2  Chlorinated  lime. 
NaCl,  NaClO  „ soda. 

KCl,  KCIO  „ potash, 


They  are  made  by  the  action  of  chlorine  gas  on 
the  caustic  alkalies,  or  on  the  soluble  alkaline  carbon- 
ates. When  acted  on  by  acids  they  evolve  their 
chlorine ; when  their  solutions  are  boiled  they  split 
up  into  chlorates  and  chlorides. 

Chlorinated  lime. — This  is  prepared  by  passing 
chlorine  over  damp)  slaked  lime. 


2Ca(HO)3  + 2CI2  = CaCh,,  Ca(C10)3  -h  2HoO 

^Slaked  Chlorine.  Chlorinated  lime.  Water. 

Properties. — Chlorinated  lime  constitutes  bleach- 
ing powder,  or  the  disinfectant  known  as  chloride  of 
lime.  When  treated  with  an  acid,  such  as  sulphuric 
acid,  hydrochloric  and  hypochlorous  acids  are  first 
set  free,  and  then  immediately  react  on  one  another, 
producing  free  chlorine. 


CaCb,  Ca(C10)3  + 

Chlorinated  lime. 

2HC1 

Hydrochloric 

acid. 

then 


2H3S0^  = 2CaS04 

Sulphuric  Calcium 

acid.  suliihate. 

-h  2HC10 

Hypochlorous 
acid ; 


+ 


HCl  + HCIO  = CI3  + H.,0 

Hydrochloric  Hypochlorous  Chlorine.  AVatcr. 

acid  acid. 


Chlorinated  lime  is  acted  on  by  the  weakest  acids, 
for  even  when  exposed  to  the  air,  the  carbon  dioxide 
(carbonic  acid  gas)  of  the  air  sets  free  hypochlorous 
acid,  w'hich  then  decomposes  with  evolution  of 
chlorine ; it  is  in  this  way  that  chloride  of  lime  acts 
as  a disinfectant.  Its  bleaching  powers  also  depend 
on  the  evolution  of  chlorine.  If  a solution  of 


Ch.'ip.  VII.] 


Chlorinated  Bodies. 


137 


chlorinated  lime  be  boiled,  it  yields  chlorate  and 
chloride  of  calcium. 


3(CaClo,  Ca(C10)2)  = Ca(C103)o  + 5CaCl, 

Chlorinated  lime.  Calcium  " Calcium" 

chlorate.  chloride. 


Solid  bleaching  powder  is  probably  a special  com- 
pound of  calcium,  chlorine,  and  oxygen,  having  the 

formula  j > since,  if  it  contained  calcium 


chloride,  it  should  be  deliquescent,  and  alcohol  ought 
to  dissolve  out  calcium  chloride.  Good  bleaching 
powder  is  not  deliquescent,  and  no  CaCl^  is  extracted 
by  alcohol.  Moreover,  if  dry  bleaching  powder  be 
warmed  to  70°  and  carbon  dioxide  be  passed  over  it, 
all  the  chlorine  is  evolved,  and  it  is  improbable  that  a 
chloride  should  be  thus  decomposed.  When  bleach- 
ing powder  is  dissolved  in  water  it  seems  to  break  up 
into  a mixture  of  calcium  chloride  and  calcium  hypo- 
chlorite. The  above  formula  (CaOCb)  was  first 
proposed  by  Odling. 

Ciiloriiicit0d  — Prepared  by  passing 

chlorine  into  solution  of  caustic  soda  or  solution  of 
sodium  carbonate. 


2NaHO 

Caustic  soda. 

CI2  = 
Cldorine. 

NaCl,  NaClO 

Chlorinated  soda. 

+ 

HoO 
Water ; 

or 

Na2C03 

Sodium 

carbonate. 

+ 

CI.2  = 
Chlorine. 

NaCl,  NaClO 

Chlorinated  soda. 

"h 

COo 

Carbon 

dioxide. 

Properties. — The  properties  of  chlorinated  soda 
are  similar  to  those  of  chlorinated  lime.  Acids  liberate 
chlorine  from  it ; boiling  its  solution  converts  it  into 
chlorate  and  chloride  of  sodium. 

C'lilorinated  pofasli. — Preparation  and  pro- 
perties similar  to  those  of  chlorinated  soda. 

F* 
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CHLORIO  ACID. 

Formula,  HCIO3. 

Mode  of  preparation. — Chloric  acid  is  most 
readily  prepared  by  cautiously  adding  sulphuric  acid 
to  a solution  of  barium  chlorate,  allowing  the  precipit- 
ated barium  sulphate  to  subside,  and  then  pouring  off 
the  clear  liquid. 

Ba(C103)2  + HaSO^  = 2HCIO3  + BaSO, 

Barium  Sulphuric  Chloric  Barium 

chlorate.  acid.  acid.  sulphate. 

Properties. — Chloric  acid  is  a most  powerful 
oxidising  agent.  Its  salts  are  the  chlorates,  of  which 
the  most  important  is  potassium  chlorate.  No 
chlorates  exist  in  nature,  they  therefore  have  to  be 
made  artificially,  and,  as  previously  mentioned,  they  , 
are  readily  obtained  by  boiling  solutions  of  the  chloii- 
nated  bodies. 

Potassium  chlorate  (KCIO3). — Prepared  by 
boiling  a solution  of  chlorinated  potash  (seepage  137), 
or  by  passing  chlorine  into  a heated  solution  of  caustic 
])otash,  in  which  case  the  chlorinated  potash  is  first 
formed,  and  is  then  immediately  decomposed  by  the 
heat  into  potassium  chlorate  and  chloride. 

GKHO  + 3Clo  = KCIO3  + 5KC1  + 3HoO 

Potassium  Chlorine.  Potassium  Potassium  Water, 

hydrate.  chlorate.  chloride. 

On  concentrating  the  solution  by  evaporation,  and 
then  allowing  it  to  cool,  the  potassium  chlorate  crys- 
tallises out,  leaving  the  more  soluble  potassium  chloride 
in  solution. 

Test. When  a chlorate  is  gently  heated  with 

strong  sulphuric  acid  a yellow  gas,  peroxide  of  chlorine, 
is  evolved,  which  detonates  when  heated  {see  page 
134). 


Chap.  VII  j Perchloric  Acid,  139 

PERCH  LORIO  ACID. 

Formula,  HCIO^. 

^lode  of  prei>aration.-_If  potassium  chlorate 
be  stionglj  heated  it  evolves  all  its  oxygen,  leaving 
potassium  chloride ; but  if  it  be  heated  until  it  just 
melts,  and  then  kept  for  a short  time  at  thattempera- 
ure  only  one- third  of  the  oxygen  is  evolved,  and  a 
mixture  of  potassium  perchlorate  and  chloride  is  left. 


2KC10,  = KCIO. 


Potassium 

chlorate. 


Potassium 

perchlorate. 


+ KCl  + O2 

Pots  s s i u in  0 X V'  n 

chloride.  ^ ’ 


From  this  mixture  the  potassium  chloride  can  be 
removed  by  virtue  of  its  greater  solubility  in  water, 
and  the  pei  chlorate  obtained  pure. 

By  heating  potassium  perchlorate  with  sulphuric 
acid,  perchloric  acid  distils  over. 


2KC10.  + 


4 

Potassium 

perchlorate. 


HgSO,  = 
Sulphuric 
acid. 


K2SO4 

Potassium 

sulphate. 


+ 2HCIO4 

Perchloric 

acid. 


Properties — Perchloric 
fuming  liquid,  and 
agent. 


acid 


is  a colourless 


oxidising 

O 


IS  a very  powerful 

Ihe  perchlorates  do  not  evolve  an  explosive 
gas  when  heated  with  strong  sulphuric  acid.  ^ 
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BROMINE. 

Symbol^  Br ; molecule^  Br^ ; monad ; atomic  iveight^ 
80 ) molecular  weight,  160.  Boils  at  59  ] 
freezes  at-7°  sp.  gi\  3T88. 

Bromine  does  not  occur  in  nature  in  the  free  state, 
but  in  the  form  of  metallic  bromides.  The  bromides 
of  sodium  and  magnesium  are  present  in  small  quan- 
tities in  many  mineral  springs,  and  in  sea-water ; 
bromide  of  potassium  is  also  present  in  the  Stassfurt 
salts,  which  occur  as  deposits  on  a large  scale  in 
Northern  Germany. 

Mode  of  preparation. — Bromine  may  be  pre- 
pared from  the  mother  liquors  of  mineral  spring 
waters,  or  from  bittern,  the  mother  liquor  of  concen- 
trated sea-water  (from  which  most  of  the  chlorides 
have  crystallised  out),  or  from  Stassfurt  salts.  The 
bromine  is  set  free  by  distilling  the  mother  liquors  or 
the  Stassfurt  salts  with  sulphuric  acid  and  manganese 
dioxide,  using  only  sufficient  of  these  two  bodies  to 
liberate  the  bromine,  otherwise  the  chlorine  would 
also  be  liberated  from  the  chlorides  that  are  always 
present,  and  would  contaminate  the  bromine  by  foini- 
iiif^  with  it  a chloride  of  bromine.  The  liberation  of 
the  bromine,  by  the  manganese  dioxide  and  sulphuric 
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acid,  takes  place  in  a similar  manner  to  tlie  liberation 
or  chlonne  by  the  same  reagentS:, 


2NaBr  -f- 

Sodiuiii 

brujiiicle. 


MnOg  -f 
Mangaiieso 
dioxide. 


2H,SO,j  = Be,  + 

Sulphuric  Bromiue. 

acid. 


NaoSO^  + 

Sodium 

sulphate. 


IMnSO^  + 

Manganese 

sulphate. 


2H,0 

Water. 


The  bromine  passes  over  as  a heavy  reddish-brown 

vapour,  which  is  condensed  to  a liquid  by  means  of  a 

suitable  condenser  and  cool  receiver.  The  bromine 

so  obtained  generally  contains  small  quantities  of 

c ilorine,  present  as  chloride  of  bromine,  from  which 

It  can  be  purified  by  redistilling  with  some  potassium 
bromuiP  fhna  • ^ 


BrCl 

Bromine 

cliloride. 


+ KBr 

Potassium 

bromide. 


= KCl 

Potassium 

chloride. 


-h  Bi’2 
Bromine. 


ProB>erties — Bromine  is  a heavy  liquid  (bromine 
and  mercury  are  the  only  elements  liquid  at  ordinary 
temperatures)  of  a dark  red-brown  colour,  and  of 
specihc  gravity  3-18  at  0°.  It  is  very  volatile,  forming  a 
reddish-brown  vapour  ])Ossessing  a disagreeable  odour 
somewhat  resembling  that  of  chlorine,  but  much  more 
intense;  this  vapour  is  poisonous,  and  is  extremely 
iiritating  to  the  mucous  membranes  of  tlie  eye  nose 
RU(\  respiratory  jiassages  ; the  name  of  the  eleiuent  is 
derived  from  iDfjwfxog,  a stmk,  on  account  of  its  ex- 
tremely disagreeable  smell.  It  is  soluble  to  a certain 
extent  m water,  bromine-water  being  of  a reddish- 
brown  colour.  Its  chemical  affinities  for  hydrocren 
and  the  inetals  are  weaker  than  those  of  chlorfne 
which  can  be  demonstrated  by  adding  a few  drops  of 
c lion  lie- water  to  a solution  of  potassium  bromide, 
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when  the  development  of  a reddish-brown  colour  in 
the  solution  indicates  the  liberation  of  the  bromine, 
thus  : 

2KBr  + Clo  = 2KC1  + Bro 

Potassium  Chlorine.  Potassium  Bromine. 

bromide.  chloride. 

Tests.  — In  the  pure  state,  bromine  is  readdy 
recognised  by  its  colour  and  smell  j in  the  diluted 
state,  such  as  in  weak  bromine-water,  it  may  be 
recognised  {ct)  by  its  colour  becoming  intensified 
by  the  addition  of  some  decoction  of  starch;  (h)  by 
o'iving  a white  precipitate  on  the  addition  of  an 
aqueous  solution  of  carbolic  acid ; (c)  by^  shaking 
with  a drop  of  chloroform  or  carbon  bisulphide, 
which  dissolves  out  the  bromine  and  becomes  coloured 
brown. 

HYDROGEN  BROMIDE.  / 


Formula^  HBr;  molecular  weight,  81. 


Hydrogen  bromide,  like  hydrogen  chloride,  is 
a colourless  gas,  fuming  when  brought  in  contact  with 
the  air,  and  very  soluble  in  water,  its  solution  forming 

the  commercial  hydrobromic  acid. 

Modes  of  preparation.  — Hydrogen  bromide 
cannot  be  prepared  by  the  action  of  strong  sulphuric 
acid  on  a bromide,  because  the  acid  decomposes  the 
hydrogen  bromide,  so  that  free  bromine  is  liberated. 

2KBr  + 2HoSO^  = KoSO,  -f  Br,  -f  SO,  2H,0 

Potassium  Sulpluu’ic  Potassium  Bromine  Sulphur  Watci, 

hrvomide.  acid.  sulphate.  dioxide. 


(i)  By  the  action  of  bromine  on  phosphorus  in  the 
presence  of  water. 


P + 5Br  + 4H3O 

Phos-  Bromine.  Water, 
phorus. 

(ii)  Hydrobromic  acid  is 


= 5HBr  -f  HgPO^ 

Hydropen  Phosphoric 

bromide.  acid. 

very  easily  prepared  by 
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shaking  together  strong  solutions  of  potassium  bromide 
and  tartaric  acid,  the  mixture  is  then  allowed  to  stand 
for  some  time  to  enable  the  precipitated  acid  tartrate  of 
potassium  to  subside,  and  the  clear  solution  of  hydrogen 
bromide  can  then  be  poured  otF  from  the  precipitate. 

KBr  + = HBr  + KHC^H^Og 

Pnta.ssium  Tartaric  acid.  Hydrobroniic  Potassium 

bromide.  acid.  acid  tartrate. 

(iii)  Hydrogen  bromide  is  obtained  by  di.stilling 
potassium  bromide  with  phosphoric  acid,  phosphate  of 
potassium  being  formed,  and  hydrobroniic  acid  passing 
over. 

(iv)  By  passing  sulphuretted  hydrogen  through 
bromine-water,  a solution  of  hydrogen  bromide  is 
formed  and  sulphur  precipitated. 

2Br.  + 2HoS  = 4HBr  + S3 

Bromine.  Sulphuretted  Hydrobroniic  Sulphur, 
hydrogen.  acid. 

(v)  Hydrogen  and  bromine  may  be  made  to 
unite  by  heat. 

H3  + Brg  = 2HBr 

Hydrogen.  Bromine.  Hydrogen 

bromide. 

Tests. — (i)  On  the  addition  of  a few  drops  of 
chlorine-water  to  a solution  of  hydrobromic  acid  or  a 
bromide,  bromine  is  liberated,  a yellowish-red  colour 
being  communicated  to  the  solution  ; on  shaking  with 
a drop  of  chloroform  or  carbon  disulphide  the  bromine 
is  dissolved  and  colours  the  drop  brown. 

(ii)  On  the  addition  of  nitrate  of  silver  to  a 
solution  of  lydrobromic  acid  or  a bromide,  a whitish 
precipitate  is  formed,  insoluble  in  nitric  acid,  and 
but  sparingly  soluble  in  ammonia. 
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OXYACIDS  OF  BROMINE. 

There  are  two  of  these  acids,  viz.  : 

HBrO  Hypobromous  acid. 

HBrOs  Bromic  ,, 

HYPOBROMOUS  ACID. 

Formula,  HBrO. 

Prepared  by  shaking  bromine-water  with  the 
yellow  precipitated  mercuric  oxide. 

2HgO  -f  2Br3  + HgO  = HgoOBr.,  -f  2HBrO 

Mercuric  Bruiuiue.  Water.  Mercuric  Hypobromous 

oxide.  oxybromide.  acid. 

Sodium  hypobromite  (NaBrO),  formed  by  shaking 
bromine  with  cold  solution  of  sodium  hydrate,  is  em- 
ployed in  the  estimation  of  urea  in  urine.  It  decom- 
poses the  urea,  oxidising  the  carbon  and  hydrogen 
to  carbon  dioxide  and  water,  and  setting  free  the 
nitrogen,  thus  : 

CO(Niy2  + SNaBrO  + 2NaHO  = 3NaBr  4- 

Urea.  Sodium.  Sodium  Sodium 

hypobromite.  hydrate.  bromide. 

Na.,COs  + 3H,0  + N.j 

Sodium  Water.  Nitrogen, 

carbonate. 

The  nitrogen  can  then  be  collected  and  measured 
(the  process  is  described  fully  in  Organic  Chemistry, 
(ChajDter  III.). 

IODINE. 

Symbol,  I;  molecule,  I^ ; monad;  atomic  weight,  127  ; 
molecular  weight,  254;  melts  at  107°;  hods 
at  175°;  sju  yr.,  4’94. 

Iodine  does  not  occur  in  nature  in  the  free  state. 
The  iodides  of  sodium  and  magnesium  are  present  in 
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ttiiuill  quantities  in  certain  mineral  spring  waters,  and 
in  still  smaller  quantities  in  sea- water.  Large  quanti- 
ties of  iodine  are  now  ol)tained  from  the  deposits  of 
“ nitrates  ” in  Chili,  where  it  occurs  as  sodium  iodate. 
The  amount  of  iodides  (mainly  sodium  iodide)  present 
in  sea-water  is  so  minute  as  to  njake  it  impracticable 
to  extract  the  iodine  from  sea-water,  but  sea-weeds 
possess  the  property  of  absorbing  the  iodides  into 
their  tissues  in  considerable  quantities,  and  it  is  from 
sea-weeds  that  iodine  is  extracted.  The  sea-weeds 
(Scottish  and  Irish  sea-weeds  being  especially  rich  in 
iodine)  are  collected,  dried,  and  burnt,  when  an  ash 
named  help  is  obtained,  and  it  is  from  this  kelp  that 
iodine  is  prepared.  The  bulk  of  the  kelp,  or  sea-weed 
ash,  consists  of  sodium  carbonate,  together  with 
sodium  chloride,  sodium  sulphate  and  sodium  sul- 
phide, and  small  quantities  of  sodium  and  magnesium 
iodides. 


Mode  of  preparation  of  iodine  from  kelp. 

— (i)  The  kelp  is  treated  with  boiling  water,  and  the 
solution  poured  ofl‘  from  insoluble  matter  ; (ii)  to  the 
solution  sulphuric  acid  is  added,  when  carbon  dioxide 
and  sulphuretted  hydrogen  gases  are  evolved,  sulphur 
is  thrown  down,  and  after  standing  for  twenty-four 
hours  a lai-ge  quantity  of  sodium  sulphate  crystallises 
out ; (hi)  the  mother  liquor  from  the  sodium  sulphate 
crystals  is  then  poured  off,  and  contains  in  solution 
the  iodides  with  some  sodium  chloride  and  free  sul- 
phuric acid  ; to  it  manganese  dioxide  is  added,  and 
the  mixture  distilled  at  a temperature  not  exceeding 


2NaI 

+ Mn02 

+ 

2H2SO, 

= Na^SO. 

Sodium 

Sodium 

Manganese 

Sulphuric 

iodide. 

dioxide. 

acid. 

sulphate. 

MnSoj^ 

Manganase 

sulphate. 

2HoO 

Water. 

+ ^2 
lodiue. 

+ 
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80°,  at  which  temperature  the  manganese  dioxide 
and  sulphuric  acid  liberate  the  iodine,  but  not  the 
chlorine,  or  only  in  very  small  quantities. 

The  iodine  passes  over  in  the  form  of  a violet- 
coloured  vapour,  which  is  made  to  pass  through  a 
series  of  cooled  glass  condensers,  on  the  sides  of 
which  it  condenses  as  a dark-coloured  solid.  d’lie 
iodine  so  prepared  generally  contains  a small  quantity 
of  chlorine  in  the  form  of  a chloride  of  iodine,  from 
which  it  can  be  purified  by  resubliming  it  from  some 
potassium  iodide. 

Id  + KI  = KCl  + Ij 

Iodine  Potassium  Potassium  Iodine, 

chloride.  iodide.  chloride. 


PrGi>«irsitioii  from  Cliili  saltpetre. — After 
the  bulk  of  the  sodium  nitrate  has  crystallised  out, 
the  mother  liquor  contains  about  22  per  cent,  of 
sodium  iodate  ; it  is  treated  with  a mixture  of  sodium 
sulphite  and  bisulphite,  when  the  iodine  is  precipitated 
as  a black  deposit,  which  is  ladled  out,  squeezed,  and 
sublimed. 


2NaI03  -h 

Sodium 

iodate. 


SNaoSO.  -}- 

Sodium 

sulphite. 


2HNaS03  = 

Sodium 

bisulphite. 


SNa^SO^  -h  lo  + H3O 

Sodium  Iodine.  Water, 

sulphate. 


Properties. — Iodine  is  a solid  crystalline  sub- 
stance, possessing  a dark  grey  colour,  a metallic 
lustre,  and  a peculiar  odour  somewhat  resembling 
that  of  diluted  chlorine.  When  heated  it  volatilises, 
producing  a violet-coloured  vapour  (hence  its  name, 
from  violet-coloured),  which  is  very  irritating 

to  the  mucous  membrane  of  the  eyes  and  nose.  Iodine 
possesses  a strong  unpleasant  taste,  it  stains  the  skin 
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yellow,  and  is  poisonous.  It  is  slightly  soluble  in 
water,  to  which  it  imparts  a yellowish-brown  colour ; 
it  is  much  more  soluble  in  a solution  of  iodide  of 
potassium,  in  alcohol,  ether,  chloroform,  and  bisulphide 
of  carbon. 

Tests. — (i)  A.  solution  of  free  iodine  gives  with 
a cold  decoction  of  starch  a deep  blue  colour. 

(ii)  If  with  an  aqueous  solution  of  iodine  some 
chloroform  or  bisulphide  of  carbon  be  well  agitated, 
and  the  mixture  allowed  to  stand,  the  chloroform  or 
bisulphide  of  carbon  will  settle  to  the  bottom  of  the 
tube,  carrying  the  iodine  in  solution,  a pink  or  purple 
colour  being  imparted  to  the  chloroform  or  bisulphide 
of  carbon  by  the  dissolved  iodine. 

HYDROGEN  IODIDE. 

Formula,  HI;  molecular  voeight,  128. 

Hydrogen  iodide,  like  hydrogen  chloride  and  hydro- 
gen bromide,  is  a colourless  gas,  fuming  when  brought 
in  contact  with  the  air,  and  very  soluble  in  water, 
its  solution  forming  the  ordinary  hydriodic  acid. 

Hydrogen  iodide  can  be  prepared  by  union  of  its 
elements,  but  only  with  great  difficulty.  By  dis- 
tilling potassium  iodide  with  strong  sulphuric  acid, 
hydrogen  iodide  is  formed,  but  is  immediately  de- 
composed by  the  acid,  iodine  being  set  free. 

ITIodes  of  prepara tioii.—These  are  exactly 
analogous  to  the  methods  used  to  prepare  hydrogen 
bromide. 

The  equations  on  p.  142  give  the  reactions,  if 
iodine  be  substituted  for  bromine. 

Properties. — Both  chlorine  and  bromine  have 
stronger  affinities  for  hydrogen  and  for  the  metals 
than  iodine,  therefore  both  chlorine  and  bromine  pos- 
sess the  projjerty  of  liberating  iodine  from  hydriodic 
acid  or  from  an  iodide,  thus  : 


148 


Chemistry, 


[Part  II. 


2HI 

+ CI3  =r  2HC1 

+ I2 

Hydriodic 

acid. 

Chlorine.  Hydrochloric 

acid. 

Iodine. 

2HI 

-p  Bi’g  = 2HBr 

Hydriodic 

acid. 

Bromine.  Hydrobroinic 

acid. 

Iodine 

Hydriodic  acid  on  exposure  to 
coloured  from  liberation  of  iodine. 

light  becomes 

Tests. — (i)  On  the  addition  of  a few  drops  of 
chlorine-water  to  a solution  of  hydriodic  acid  or  of 
an  iodide,  a yellowish-brown  colour  is  produced,  due 
to  the  liberation  of  iodine  ; if  some  solution  of  starch 
be  added  to  this,  a deep  blue  colour  will  be  produced. 

(ii)  On  the  addition  of  nitrate  of  silver  to  a 
solution  of  hydriodic  acid  or  of  an  iodide,  a yellowish 
precipitate  is  formed,  insoluble  in  nitric  acid,  and 
almost  insoluble  in  ammonia. 

IODIC  ACID. 

Formula,  HIO3. 

Iodic  acid  is  a white  crystalline  substance,  and  is 
prepared  (i)  by  the  action  of  strong  nitric  acid  on 
iodine,  (ii)  by  passing  chlorine  into  iodine-water. 

I3  + GHgO  -f  5CI3  = 2HIO.  + lOHCl 

Iodine.  Water.  Chlorine.  Iodic  acid.  Hydrochloric 

acid. 

CHLORIDES  OF  IODINE. 

There  are  two  compounds  of  iodine  and  chlorine, 
viz.  ICl,  a liquid,  and  ICI3,  a solid.  They  are  both 
obtained  by  direct  union  of  the  elements. 

IODIDE  OF  NITROGEN. 

This  is  obtained  by  mixing  a strong  alcoholic 
solution  of  iodine  (such  as  tincture  of  iodine)  with  an 
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aqueous  solution  of  ammonia ; various  formulte  have 
been  assigned  to  this  substance,  NL,  etc.  : the 

latest  is 

Properties. — Iodide  of  nitrogen  is  a dark- 
coloured  powder,  which  when  dried  explodes  violently 
with  the  sliglitest  touch,  decomposing  into  its  elements. 
The  importance  to  medical  men  of  bearing  in  mind 
its  existence  lies  in  the  fact  that  free  iodine  and 
ammonia  are  incompatibles,  and  should  not  therefore 
be  prescribed  together  in  a liniment. 

FLUORINE. 

Symbol,  F;  molecule,  F^ ; monad;  atomic  weight,  19; 
molecidar  weight,  38. 

Fluoi  ine  occurs  in  nature  as  JluoT-spav  or  calcium 
fluoride  (CaF^),  and  as  cryolite,  a double  fluoride  of 
aluminium  and  sodium  (AIF3,  3NaF)  found  in  Green- 
land. The  fluorides  of  calcium  and  sodium  are  also 
present  in  minute  quantities  in  the  blood,  bones,  and 
teeth  of  human  beings  and  animals. 

Fluorine  \\  as  first  satisfactorily  isolated  by  IVIoissan 
in  1886.  This  chemist  obtained  it  by  the  electrolysis 
of  a solution  of  potassium  fluoride  in  hydrofluoric  acid, 
using  a platinum  U-tube,  and  keeping  the  solution 
at  a temperature  of  —23°.  It  is  a pale  yellowish- 
green  gas,  liquefied  by  Dewar  and  Moissan  at  a tem- 
perature of  —187°.  It  combines,  usually  with  great 
violence,  with  all  elements  except  oxygen,  nitrogen,  and 
chlorine. 

HYDROGEN  FLUORIDE. 

Formula,  II F. 

Like  the  corresponding  compounds  with  chlorine 
bromine,  and  iodine,  hydrogen  fluoride  is  a colourless 
gas,  fuming  on  contact  with  the  air,  and  very  soluble 


Chemistry. 


[Part  II. 


150 


in  water,  its  solution  constituting  the  commercial 
hydrofluoric  or  fluoric  acid. 

Mode  of  preparation. — Hydrogen  fluoride  is 
obtained  by  the  action  of  strong  sulphuric  acid  on 
powdered  fluor-spar,  thus  : 

CaFo  + HgSO^  = 2HF  + CaSO, 

Calcium  Sulphuric  Hydrogen  Calcium 

fluoride.  acid.  fluoride.  sulphate. 

It  has  to  be  prepared  in  leaden  or  platinum 
vessels,  as  it  readily  attacks  glass  \ on  conducting  the 
sas  into  water,  the  commercial  solution  of  hydrofluoric 
acid  is  obtained. 

Properties. — The  most  important  property  of 
this  acid  is  its  power  of  etching  glass,  which  is  due  to 
its  attacking  the  silica  of  glass,  forming  with  it  a 
gaseous  silicon  fluoride,  thus  ; 

SiOj  + 4HF  = SiF^  + 2H2O. 

Silica"".  Hydrofluoric  Silicon  Water, 

acid.  fluoride. 

If  a design  is  to  be  etched  on  glass,  the  surface  of 
the  glass  is  first  covered  with  wax,  the  design  is 
then  scratched  through  the  wax,  and  the  surface 
exposed  for  a few  minutes  to  the  fumes  of  hydro- 
fluoric acid  (evolved  from  fluor-spar  and  sulphuric 
acid),  or  the  solution  of  hydrofluoric  acid  is  poured 
over  the  surface  \ on  washing  the  surface  with  a 
stream  of  water,  and  then  scraping  or  melting  off*  the 
wax,  the  design  will  be  found  to  be  etched  on  the 
glass.  On  account  of  its  power  of  attacking  glass, 
the  solution  of  hydrofluoric  acid  is  kept  in  bottles 
made  of  gutta-percha,  provided  with  a stopper  of  the 
same  material. 

Test. — The  test  for  hydrofluoric  acid  is  to  expose 
to  it  a piece  of  waxed  glass,  on  which  some  simple 
design  has  been  scratched,  when  the  design  will  in  a 
shoi’^''  time  be  etched  on  the  glass. 
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Carbon— Allotropic  forms  of  Carbon— Properties  of  Carbon—Car- 
bon  Monoxide— Preparation  and  Properties  of  Carbon  Moii- 
^ide— Caid»on  Dioxide— Preparation  and  Properties  of  Carbon 
Oxychloride- Carbon  Bisulphide-Silicon, 
Silica,  Silicates,  Glass,  Porcelain,  and  Earthenware — Boron  — 
Boric  Acid — Metaboric  Acid — Borax. 

CARBON. 

Symbol,  C ; tetrad ; atomic  weight  12. 

Carbon  occurs  in  nature  in  the  free  state  in  the 
diamond,  graphite,  plumbago,  coal,  etc.  In  the  com- 
bined state  it  enters  into  the  composition  of  an 
immense  number  of  bodies,  for  the  number  of  carbon 
compounds  (both  natural  and  artificial)  far  exceeds 
those  of  any  other  element ; it  occurs  in  all  organic 
substances,  whether  of  animal  or  vegetable  origin,  and 
in  all  carbonates,  such  as  marble,  limestone,  chalk 
magnesite,  etc. 

Carbon  exists  in  three  allotropic  forms,  of  which 
two  are  crystalline,  viz.  diamond  and  grajdiite,  and 
one  amorphous,  viz.  charcoal  in  its  different  forms. 

1 he  term  allotropic  (from  aWoq,  another ; rfWTrog, 
condition)  is  applied  to  elements  that  are  similar  in 
composition,  but  differ  in  their  properties. 

The  allotropic  forms  of  carbon. n\ 

Diamond.  Sp.  gr.,  3 '5.  This  is  the  rarest  form  of  free 
carbon,  and  occurs  in  nature  in  octahedral  crystals  be- 
longing to  the  regular  system ; it  consists  of  nearly 
pure  carbon,  but  when  a diamond  is  burnt  in  oxygen 
a minute  amount  of  ash  is  lefc,  consisting  of  silica. 
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alumina,  and  sometimes  oxide  of  iron.  It  is  the 
hardest  body  known,  and  is  employed  for  cutting  glass  ; 
the  property  of  cutting  glass  depends  on  the  cuwed 
edge  which  many  diamond  crystals  possess.  Its  lustre 
is  due  to  its  high  power  of  refracting  light.  Moissan 
has  prepared  microscopic  crystals  of  diamond  by  dis- 
solving carbon  in  melted  iron  and  cooling  the  \\hole 
suddenly.  The  iron  is  dissolved  by  acids,  and  in  the 
residue  some  minute  diamond  crystals  are  found. 

(2)  Graphite,  plumbago,  or  hlacklcad. — Sp.  gr.  2-2. 
This  is  the  second  crystalline  form  of  carbon,  and 
crystallises  in  six-sided  plates.  It  is  a dark- grey  crys- 
talline substance,  soft  and  greasy  to  the  touch,  and 
when  drawn  across  paper  leaves  a mark.  It  is  em- 
ployed in  blacklead  pencils,  in  plumbago  crucibles 
(made  of  plumbago  mixed  with  clay),  for^  blacking 
iron  grates,  and  as  a dry  lubricant  for  machinery. 

(b)  Amorphous  carbon. — This  occurs  in  various 

forms. 

{a)  Wood  charcoal  is  prepared  by  heating  or 
charring  wood  out  of  contact  with  air.  This  foim  of 
amorphous  carbon  is  used  in  the  manufacture  of 
gunpowder.  It  is  extremely  porous,  possessing  the 
power  of  absorbing  gases,  and  hence  is  used  as  a 
deodoriser. 

(b)  Animal  charcoal  is  obtained  by  heating  bones 
out  of  contact  with  air.  This  form  of  amorphous 
carbon  is  sold  commercially  under  the  names  of  bone- 
black,  animal-black,  and  ivory-black;  it  contains  the 
inorganic  constituents  of  the  bones,  viz.  phosphate 
and  carbonate  of  lime,  from  which,  however,  it  may 
be  freed  by  digesting  with  hydrochloric  acid,  which 
dissolves  these  lime  salts,  so  that  on  hlteiing,  and 
washing  tlie  charcoal  with  water,  it  is  obtained  pure. 
Animal  charcoal  possesses  in  a very  liigh  degree  the 
power  of  absorbing  colouring  matters,  and  hence  is 
very  useful  as  a decolorising  agent.  In  the  prepara- 
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tion  of  several  of  the  alkaloids,  tlie  colouring  matter 
is  removed  by  boiling  the  alkaloidal  solution  with 
animal  charcoal.  In  the  manufacture  of  sugar,  the 
crude  brown  syrup  is  filtered  hot  through  animal  char- 
coal to  decolorise  it. 

(c)  Amorphous  carbon  is  the  chief  constituent  of 
coal.  Coal  has  been  produced  by  the  slow  decay  of 
vegetable  matter  out  of  contact  Avith  air,  jiossibly 
combined  with  elevation  of  temperature  and  con- 
siderable pressure. 

(cZ)  Peat.,  another  form  of  fuel,  but  inferior  to  coal, 
contains  a quantity  of  amorphous  carbon  ; it  is  pro- 
duced in  marshy  localities  by  the  gradual  decay  of 
grasses,  mosses,  etc. 

(e)  Tinder  is  a A'ariety  of  amorjDhous  carbon. 

(/)  Soot  and  lampblack  are  two  A^arieties  of  amor- 
phous carbon  in  a fine  state  of  division. 

Properties^  of  carbon. —In  all  three  of  its 
forms  carbon  is  infusible  at  all  temperatures,  but  it 
volatilises  at  the  high  temperature  of  the  electric  arc. 
It  is  insoluble  in  all  ordinary  solvents,  but  molten 
iron  at  the  temperature  of  the  blast-furnace  dissolA'^es 
from  4 to  5 per  cent,  of  carbon ; as  the  iron  cools  part 
of  the  carbon  crystallises  out  as  small  crystals  of 
giaphite,  and  part  remains  in  union  Avith  the  iron  as 
carbide  of  iron  (Metals,  Chapter  VII.,  Cast  Iron). 
Carbon  when  heated  to  redness  has  a powerful  affinity 
for  oxygen,  either  in  the  free  state  as  in  air,  or  in  the 
combined  state  j it  is  therefore  largely  employed  as  a 
reducing  agent  for  depriving  many  of  the  metallic 
oxides  of  tlieir  oxygen,  and  so  reducing  them  to  the 
metallic  state.  If  carbon  be  burnt  in  a free  supply 
of  air  it  produces  carbon  dioxide  (COg),  but  if  burnt 
in  a limited  supply  of  air  it  produces  mainly  carbon 
monoxide  (CO). 

Carbon  produces  with  hydrogen  a large  number  of 
compounds  known  as  hydrocarbons,  some  of  which 
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will  be  described  later  ; one  such  compound  is  obtained 
by  direct  union  of  carbon  and  hydrogen,  viz.  acetylene 
(CoHo)  at  the  extremely  high  temperature  ot  the 
electric  arc ; if  the  electric  arc  is  produced  between 
carbon  poles  in  an  atmosphere  of  hydrogen,  then  the 
two  elements  unite  to  form  acetylene,  thus  . 


20  + H2  = C0H3 

Carbon.  Hydrogen.  Acetylene. 

T'cst. Any  form  of  carbon  (including  the  dia* 

mond)  when  burnt  in  oxygen  produces  carbon  dioxide, 
which  can  be  recognised  by  its  turning  lime  water 

turbid. 

CARBON  MONOXIDE. 

Formula,  CO  ; molecular  weight,  28  ; 
liquefies  - 190°. 

Also  known  as  carbonic  oxide. 

modes  of  prcparsitioii. — (1)  By  passing  car- 
bon dioxide  through  a tube  containing  pieces  of  red- 
hot  charcoal. 


COo  + C = 2CO 


Carbon 

dioxide. 


Carbon. 


Carbon. 

monoxide. 


The  blue  flames  seen  at  the  top  of  a well-drawing 
clear  fire  consist  of  burning  carbon  monoxide,  which 
has  been  produced  by  the  carbon  dioxide,  formed  at 
the  lower  part  of  the  fire,  having  to  pass  over  the  red- 
hot  coal  on  its  upward  way  to  the  chimney. 

(u)  Carbon  monoxide  is  very  easily  pi  epaied  y 
heating  potassium  ferrocyanide  with  strong  sulphuric 

acid. 


KjFe(CN)o 

I»otassium 

ferrocyanide. 


6H3SO.J.  + 


Sulphuric 
acid. 


6H3O  = 

Water. 


2K3SO4  + 

Potassium 

sulphate. 
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FeSO.t  + 3(NH^),S0,^  + GCO 

Ferrous  Ammonium  Carbon 

sulphate.  sulphate.  monoxide. 

(iii)  Carbon  monoxide  is  also  readily  prepared  by 
heating  formic  acid  (HCHOo)  or  sodium  formate 
(NaCHOo)  with  strong  sulphuric  acid.  The  action  of 
the  sulphuric  acid  is  simply  to  abstract  water  from 
the  formic  acid,  when  carbon  monoxide  is  evolved, 
thus  : 

HCHO3  = H2O  + CO 

Formic  Water.  Carbon 

acid.  monoxide. 

(iv)  If  oxalic  acid  (H0C2O J be  heated  with  strong 
sulphuric  acid,  it  decomposes  into  water  and  the  two 
oxides  of  carbon,  thus  : 

H2C2O4  = H^O  + CO  + COo 

Oxalic  acid.  Water.  Carbon  Carbon 

monoxide.  dioxide. 

By  passing  the  two  gases  through  a strong  solution 
of  caustic  potash,  the  carbon  dioxide  is  absorbed 

(forming  potassium  carbonate),  and  the  carbon  mon- 

oxide can  then  be  collected  in  the  pure  state. 

(v)  When  charcoal  or  carbonaceous  substances 
are  burnt  with  an  insufficient  supply  of  air,  carbon 
monoxide  is  formed. 

Properties. — The  specific  gravity  of  carbon  mon- 
oxide is  14,  and  it  is  slightly  lighter  than  air  ; it  is  a 
colourless,  almost  odourless,  and  tasteless  gas ; it  is  com- 
bu.stible,  burning  with  a pale  blue  flame,  and  forming 
carbon  dioxide  ; it  is  a non-supporter  of  combustion  ; 
it  is  insoluble  in  water,  and  therefore  may  be  collected 
over  it.  It  is  a poisonous  gas,  as  it  possesses  the 
property  of  displacing  the  oxygen  from  its  union  with 
the  haemoglobin  of  the  blood,  forming  a compound 
with  the  haemoglobin  which  acts  as  a narcotic  poison  ; 
inhaling  the  fumes  of  burning  charcoal,  placed  in  the 
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centre  of  a closed  and  non-ventilated  room  (a  not 
uncommon  method  of  committing  suicide  in  France), 
causes  death  from  carbonic  oxide  poisoning.  An 
atmosphere  containing  0‘2  per  cent,  renders  a man 
helpless  and  unconscious  in  about  half  an  hour.  A 
mouse,  owing  to  its  small  size,  succumbs  in  one- 
twentieth  of  the  time.  Carbon  monoxide  in  contact 
with  caustic  potash  at  a high  temperature  produces 
potassium  formate,  thus : 

KHO  -f  CO  = KCHO2 

Caustic  Carbon  Potassium 

Xiotash.  monoxide.  formate. 


Carbon  monoxide  when  passed  over  finely  divided 
nickel  or  iron  gently  heated,  combines  with  these 
metals  to  form  vapours  which  condense  to  liquids ; 
nickel  carbonyl,  which  is  colourless,  has  the  formula 
]Sri(CO)4.  If  the  vapour  of  nickel  carbonyl  be  passed 
through  a glass  tube  heated  to  200°  it  is  decomposed, 
and  the  nickel  is  deposited  on  the  glass  as  a bright 
mirror-like  coating. 

Test. — Carbon  monoxide  gives  no  precipitate  with 
lime-water,  but  on  applying  a light  it  burns  with  a 
pale  blue  flame,  and  the  resulting  gas  (carbon  dioxide) 
then  produces  a jprecipitate  with  lime-water. 

CARBON  DIOXIDE. 

Formula,  COo ; molecular  iccight,  44; 

Uquejies  — 78°. 

Also  known  as  carbonic  anhydride,  carbonic  acid 
gas,  and  choke-dami').  It  is  alwiiys  formed  when 
carbon  in  any  form,  or  any  compound  of  carbon,  is 
burnt  with  a free  supply  of  air.  It  is  one  of  the  gases 
evolved  from  volcanoes,  and  in  certain  instances  from 
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fissures  in  the  earth,  as  in  the  Grotto  del  Cane  near 
Naples,  and  in  the  poison  valley  of  Java. 

Modes  of  preparation.— (i)  It  is  most  easily 
piepared  by  the  action  of  hydrochloric  acid  on  calcium 
carbonate  in  the  form  of  marble  or  chalk. 


CaCOg  -f  2HC1  = 

Calcium  Hyilrochloric 

caibouate.  acid. 


CaClg  + CO2  -f  HgO 

Calcium  Carbon  Water, 

chloride.  dioxide. 


Fig.  18.— Preparation  and  collection  of  Carbon 


Dioxide. 


f 

It  may  be  collected  in  the  pneumatic  trough  over 
water,  or  since  it  is  heavier  than  air,  it  can  be 
collected  by  downward  displacement  of  air  (Fio-.  18). 

Sulphuric  acid  maybe  substituted  for  hydrochloric 
acid,  but  in  this  case  the  insoluble  calcium  sulphate 
forms  a coating  over  the  marble  or  chalk,  and  is  apt 
to  stop  the  evolution  of  the  gas.  ^ 


CaCOg  + 

Calcium 

carbonate. 


H2SO,  = CaSO^  + CO, 

Sulphuric  Calcium  Carbou 

^cid.  sulphate.  dioxide. 


+ HoO 

Wate)’. 


(ii)  Carbon  dioxide 
or  limestone,  as  in  the 
limekilns. 


is  evolved  by  heating  chalk 
preparation  of  lime  in  the 


CaCOg  = CaO  + CO^ 

Calcium  Lime.  Carbrjn 

arbonate.  dioxide. 
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(iii)  Carbon  dioxide  is  also  evolved  by  heating 
a bicarbonate,  such  as  sodium  or  potassium  bicar- 
bonate. 

2NaHC03  = Na^COg  + COg  + HgO 

Sodium  Sodium  Carbou  Water, 

bicarbonate.  carbonate.  dioxide. 

(iv)  By  burning  carbon  monoxide  in  oxygen  or 
in  air,  carbon  dioxide  is  produced. 

2CO  -P  Og  = 2COg 

Carbon  Oxygen.  Carbon 

monoxide.  dioxide. 

Properties. — The  specific  gravity  of  carbon 
dioxide  is  22,  and  it  is  heavier  than  air  ; it  is  a colour- 
less »as,  possessing  a peculiar  faint  pungent  odour  in 
quaiTtity,  and  a faint  acid  taste ; it  is  not  combustible, 
neither  is  it  a supporter  of  combustion,  a lighted  taper 
being  immediately  extinguished  when  lowered  into 
the  gas.  It  can  be  liquefied  by  a pressure  of  38-5 
atmospheres  at  0°,  and  if  the  liquid  is  allowed  to 
escape  into  the  air,  the  portion  that  evaporates  so 
lowers  the  temperature  of  the  remaining  portion  that  it 
solidifies.  It  is  slightly  soluble  in  water,  as  at  ordin- 
ary temperatures  water  dissolves  its  own  volume  of 
the  "as  ; under  a pressure  of  two  atmospheres  water 
will  dissolve  twice  its  volume  of  the  gas,  under  a pressure 
of  three  atmospheres  three  times  its  volume,  under  a 
pressure  of  four  atmospheres  four  times  its  volume, 
and  so  on.  So  that  if  a pint  bottle  of  soda-water  that 
has  been  charged  under  a pressure  of  four  atmo- 
spheres be  opened,  three  pints  of  the  gas  will  escape 
with  effervescence,  one  pint  remaining  in  solution, 
since  there  is  still  the  ordinary  pressure  of  the  atmo- 
sphere upon  tlie  water.  The  solution  of  carbon  di- 
oxide in  water  faintly  reddens  blue  litmus  paper,  the 
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liquid  probably  containing  true  carbonic  acid  fHoCO.d 

i 1 \ % an 

thus  ; 

CO2  + IhO  = H.CO3 

Carbon  Water.  Carbonic; 

dioxide.  acid. 

It  is  for  this  reason  that  carbon  dioxide  is  also 
called  carbonic  anhydride  (the  anhydride  of  carbonic 
acid)  and  carbonic  acid  gas.  Carbon  dioxide  is  not  a 
poison  if  swallowed  into  the  stomach,  as  in  the  form 
of  effervescent  waters  and  drinks  it  is  taken  in  con- 
siderable quantities,  but  if  inhaled  in  quantity  it 
produces  death  from  suffocation,  not  that  it  unites 
with  the  haemoglobin  of  the  blood,  but  because  it 
dilutes  down  and  keeps  out  the  necessary  oxygen  of 
the  air.  After  explosions  in  coal-mines,  it  is  the 
carbon  dioxide,  mixed  with  some  carbon  monoxide 
(choke-damp),  produced  by  the  explosion  of  the  marsh 
gas  or  fire-damp  with  the  air,  that  causes  in  so  many 
cases  the  suffocation  of  the  miners.  Since  carbon 
dioxide  is  evolved,  as  previously  mentioned,  from 
limekilns,  it  is  not  an  uncommon  occurrence  for 
tramps  and  others  sleeping  close  to  a limekiln  for  the 
sake  of  the  warmth,  to  die  in  their  sleep,  suffocated 
by  this  gas.  If  pure  carbon  dioxide  is  inhaled,  it 
produces  spasm  of  the  glottis  and  consequent  death 
from  asphyxia,  unless  the  inhalation  of  the  gas  is 
immediately  stopped.  Carbon  dioxide,  as  previously 
explained,  is  largely  used  in  the  so-called  aerated 
waters,  to  give  to  them  their  effervescent  character 
and  their  pleasant  sharp  taste. 

Carbon  dioxide,  if  passed  into  a solution  of  an 
alkali,  forms  first  a carbonate,  and  then  converts  the 
carbonate  into  a bicarbonate.  Thus,  with  caustic 
potash  it  first  forms  potassium  carbonate. 

2KHO  + CO2  = K,CO,  + H.0 

Caustic  Carbon  Potassium  Wafer 

potash.  dioxide.  carbonate. 
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By  its  further  action  it  converts  the  carbonate 
into  the  bicarbonate. 

K2CO3  + CO3  -b  HgO  ' = 2KKCO3 

Potassium  Carbon  Water.  Potassium 

carbonate.  dioxide.  bicarbonate. 


Carbon  dioxide  passed  into  lime-water  (solution  of 
calcium  hydrate)  first  renders  it  turbid  by  precipitating 
calcium  carbonate. 

Ca(HO)2  + CO2  = CaCOo  + H2O 

Caleium  Carbon  Calcium  Water, 

hydrate.  dioxide.  carbonate. 

By  its  further  action  it  converts  the  insoluble 
calcium  carbonate  into  the  soluble  bicarbonate,  and 
so  renders  the  liquid  clear  again. 

CaC03  -f  CO2  -f  H3O  = Ca(HC03)3 

Calcium  Carbon  'Water.  Calcium 

carbonate.  dioxide.  bicarbonate. 

Test. — Carbon  dioxide  turns  lime-water  turbid  or 
milky  when  shaken  up  with  it. 

CABBON  OXYCHLORIDE. 

Formula,  COCL. 

Also  known  as  carbonyl  chloride  and  'phosgene  gas 
(so  named  on  account  of  its  being  produced  by  the 
action  of  light). 

This  body  may  be  regarded  either  as  carbon  mon- 
oxide united  with  chlorine,  or  as  carbon  dioxide  from 
which  one  atom  of  oxygen  has  been  displaced  by  two 
atoms  of  chlorine. 

Mode  of  preparation. — It  is  produced  when 
equal  volumes  of  carbon  monoxide  and  chlorine  are 
exposed  to  direct  sunlight,  thus  : 
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CO  + CI2  = COOI2 

Carbon  Chlorine.  Carbon 

monoxide.  oxychloride. 

When  the  two  gases  unite,  the  volume  of  the 
mixed  gases  diminishes  to  one-half. 

CO  + CI2  = COCI2 

1 molecule  -f  1 molecule  = 1 molecule. 

2 volumes  -f  2 volumes  = 2 volumes. 

By  the  action  of  ammonia  on  this  substance  urea 
is  formed. 

COCI2  + 2NH3  C0(NH2)2  + 2HC1 

Carbon  Ammonia.  Urea.  Hydrogen 

oxychloride.  chloride. 

CARBON  BISULPHIDE  OR  DISULPHIDE. 

Formula,  CS2. 

This  body  may  be  regarded  as  carbon  dioxide  in 
which  the  oxygen  has  been  displaced  by  sulphur,  and 
just  as  carbon  dioxide  is  produced  by  burning  carbon 
in  oxygen,  so  carbon  bisulphide  is  produced  by  burn- 
ing carbon  in  sulphur  vapour. 

Mode  of  preparation.— By  passing  the  vapour 
of  sulj)hur  over  red-hot  charcoal,  and  then  conveying 
the  vapour  of  the  bisulphide  of  carbon  through  a 
spiral  tube  kept  cool  by  immersion  in  water,  by  which 
means  the  bisulphide  of  carbon  condenses  to  a liquid. 

Properties. — Bisulphide  of  carbon  is  a colour 
less,  mobile,  very  volatile  liquid.  When  first  prepared 
it  possesses  a very  disagreeable  odour,  from  which  it 
can,  to  a great  extent,  be  purified  by  shaking  with 
mercury  and  corrosive  sublimate,  and  redistilling. 
It  is  heavier  than  water,  and  after  agitation  with 
water  it  sinks  to  the  bottom,  leaving  a very  small 
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quantity  dissolved  in  the  water.  It  is  a veiy  inflam- 
mable liquid,  boils  at  46°,  and  the  vapour  takes  fire 
at  149°,  so  that  it  can  be  lighted  by  a tube  of  hot 
paraffin  wax.  It  forms  carbon  dioxide  and  sulphur 
dioxide  when  burnt. 

CS2  + SOg  = CO3  -f  2SO2 

Carbon  Oxygen.  Carbon  Sulphur 

bisulphide.  dioxide.  dioxide. 

Carbon  bisulphide  is  used  for  many  technical  pur- 
poses, as  it  is  an  excellent  solvent  of  many  bodies, 
possessing  the  property  of  dissolving  sulphur,  phos- 
phorus, fats,  resins,  and  india-rubber. 

With  certain  of  the  metallic  sulphides  carbon 
disulphide  will  unite,  forming  sulphocarbonates,  which 
may  be  regarded  as  carbonates  in  which  the  oxygen 
has  been  displaced  by  sulphur,  thus  with  potassium 
sulphide  it  forms  potassium  sulphocarbonate. 

KgS  -f  CSg  = ■ KgCSg 

Potassium  Carbon  Potassium 

sulphide.  disulphide.  sulphocarbonate. 

SILICON. 

Symbol,  Si  ; tetrad ; atomic  weight,  28. 

Silicon  is  widely  and  abundantly  distributed  in 
nature,  but  not  in  the  free  state.  Next  to  oxygen  it 
is  the  chief  constituent  of  the  earth’s  crust,  just  as 
the  closely  related  element  carbon  is  the  chief  con- 
stituent of  organic  bodies.  The  oxide  of  silicon  (silica) 
occurs  both  free  and  in  combination  with  bases  as  the 
various  natural  silicates. 

PreparatioM  of  silicon. — The  element  silicon 
may  be  obtained  by  heating  the  double  fluoride  of 
potassium  and  silicon  (2KF,  SiFJ  with  the  metal 
potassium,  which  abstracts  the  fluorine  fi-om  its 
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combination  with  the  silicon,  setting  free  that  element. 
Prepared  in  this  way,  silicon  is  obtained  as  a dark 
brown  amorphous  powder.  It  may,  however,  be 
obtained  in  the  crystalline  condition  by  heating'  for 
some  time  the  same  ingredients,  viz.  the  double 
fluoride  of  potassium  and  silicon,  and  the  metal 
potassium,  with  the  metal  zinc ; on  cooling,  an  ingot 
of  zinc  is  obtained  with  crystals  of  silicon  embedded 
in  it  • by  treating  this  with  hydrochloric  acid,  the 
zinc  is  dissolved,  leaving  very  hard  steel-grey  crystals 
there  seems,  however,  to  be  some  doubt  as  to  this 
substance  being  pure  silicon.  Silicon  forms  an  in 
flammable  gas  with  hydrogen  (SiH^)  and  combines, 
when  heated  with  dry  hydrogen  chloride,  to  form 
These  two  substances  have  formulae  analogous 
to  marsh  gas  (CH^)  and  choloroform  (CHCI3). 


SILICA. 

Formula^  SiOo. 

^ Also  known  as  oxide  of  silicon  and  silicic  anhy- 
dride. ^ 

Silica  occurs  in  the  free  state  in  nature  as  rock 
crystal  (usually  in  six-sided  prisms),  quartz,  flint, 
sand,  sandstone, ^ agate, ^ opal,  jasper,  and  amethyst. 
The  so-called  infusorial  earth,  or  the  inorganic 
remains  of  certain  infusoria,  consists  essentially  of 
amorphous  silica.  Silica  is  also  present  in  the  stems 
of  certain  grasses,  cereals,  and  rushes,  and  in  the 
feathers  of  many  birds.  Silica  is  insoluble  in  water 
and  in  all  acids  except  hydrofluoric. 


SILICIC  ACID. 

There  are  several  varieties  of  silicic  acid— meta- 
sihcic  acid  (HgSiOg),  orthosilicic  acid  (H.SiO,),  para- 
sihcic  acid  (HgSiOj,  etc. 
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Natural  silicates. — Clay,  or  aluminium  silicate 
(Al2Si207  + 2H20),  is  the  most  widely  distributed  of 
the  natural  silicates  ; the  colour  of  common  or  brown 
clay  is  due  to  iron  contained  in  it.  Clay  in  its  purest 
form  occurs  as  haolin  or  china-clay,  and  is  produced 
from  a felspar,  a double  silicate  of  aluminium  and 
potassium,  by  the  action  of  the  carbon  dioxide  of  the 
air,  which  unites  with  the  potassium  to  form  potassium 
carbonate,  which  is  washed  away,  leaving  the  silicate 
of  aluminium  in  a white  state. 

Amongst  other  silicates  may  be  named  vnccT- 
schaum,  FtcticIi  chalh,  asbestos,  'pumice,  etc. 

Pure  silica  can  be  obtained  from  sand  and  from 
most  silicates  by  fusing  with  three  to  four  times  its 
weight  of  sodium  carbonate  in  a platinum  dish  and 
extracting  the  fused  mass  with  water  j on  adding 
hydrochloric  acid  to  the  clear  solution,  silicon  hydrate 
(SifHO)^)  is  precipitated  in  gelatinous  flocks.  This 
L filtered  off,  washed,  and  made  red  hot,  when  it  is 

left  as  pure  white  silica  (SiOo). 

Olass Glass  may  be  defined  as  an  amorphous 

mixture  of  various  silicates  nearly  insoluble  in  water. 
Glass  contains  (1)  silica,  (2)  soda  or  potash,  (3)  lime 

or  lead  oxide.  _ 7777 

Crown  glass,  common  window  glass,  bottle  glass, 

or  soda  glass  is  made  by  fusing  together  clmlk 
(CaCOg),  sodium  carbonate  (Na2COg),  and  sand  (S1O2). 
It  consists  of  calcium  and  sodium  silicates  ; the  green 
colour  of  common  bottle  glass  is  due  to  iron  derived 
from  the  sand,  and  existing  in  the  glass  a,s  ferrous 
silicate ; the  colour  can  be  removed  by  addmg  to  the 
melted  glass  a small  quantity  of  manganese  dioxide, 
which  oxidises  the  green  ferrous  silicate  to  the  almost 
colourless  ferric  silicate. 

Hard  glass  or  lootash  glass  contains  potassium  in 
the  place  of  sodium,  and  is  made  by  fusing  together 
chalk,  potassium  carbonate,  and  sand.  It  consists  ot 
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calcium  and  potassium  silicates,  and  requires  a much 
higher  temperature  to  melt  it  than  soda  glass ; it  is 
therefore  useful  in  the  manufacture  of  hard  glass- 
tubing, and  of  chemical  apparatus  required  to  stand  a 
high  temperature. 

Flint  glass  or  crystal  glass  is  a potash  glass  con- 
taining lead  in  the  place  of  calcium,  and  is  made  by 
fusing  together  potassium  carbonate  (KgCOg),  litharge 
or  lead  oxide  (PbO),  and  sand  (SiOo).  "it  consists  of 
potassium  and  lead  silicates,  and  is  distinguished  by 
its  lustre  and  refractive  power,  hence  it  is  valuable 
for  optical  purposes. 

Soluble  glass  is  either  sodium  or  potassium  sili- 
cate,  generally  the  former.  The  sodium  silicate  is 
prepared  by  fusing  together  sodium  carbonate  and 
sand,  p is  a thick,  syrupy  liquid,  miscible  with,  or 
soluble  in,  water ; if  painted  over  a surface,  such  as  a 
wall,  it  is  decomposed  by  the  carbon  dioxide  of  the 
air,  a film  of  silica,  or  of  a silicate,  being  left  as  a hard 
protective  surface  on  the  wall. 

Coloured  glasses  are  made  by  the  addition  of 
different  metallic  oxides  to  glass  while  in  a molten 
condition.  Blue  glass  is  made  by  adding  oxide  of 
cobalt ; red  glass  by  adding  cuprous  oxide. 

Porcelain  and  earthenware — Porcelain  and 
earthenware  articles  consist  of  clay  that  has  been 
moulded  into  the  required  shapes,  then  baked  hard, 
and  afterwards  covered  with  some  substance  that 
fuses  at  a high  temperature,  and  forms  a glaze,  thus 
preventing  the  passage  of  liquids  through  what  would 
otherwise  be  a porous  medium.  The  glaze  used  for 
the  finer  kinds  of  porcelain  is  generally  produced  by 
c ipping  the  unglazed  article  into  water  containing 
powdered  felspar  suspended  in  it;  on  draining  the 
article  the  water  sinks  into  the  porous  substance, 
leaving  a film  of  felspar  over  its  surface,  and  on 
strongly  heating  the  article  in  a furnace  this  film  of 
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felspar  melts  and  forms  the  glaze.  Common  earthen- 
ware, which  is  of  a reddish-brown  colour,  is  frequently 
glazed  with  litharge  (oxide  of  lead),  which  forms  an 
easily  fusible  lead  silicate  on  the  application  of  heat, 
this  lead  silicate  constituting  the  glaze ; if  acid 
articles  of  food,  such  as  vinegar,  lemon-juice,  lime- 
juice,  etc.,  he  kept  in  such  vessels,  the  lead  may  be 
dissolved  by  the  acid,  and  so  the  glaze  may  become  a 
source  of  lead  poisoning.  Another  very  perfect  glaze 
is  salt  glaze;  common  salt  (sodium  chloride)  is  thrown 
into  the  furnace  containing  the  strongly-heated 
articles,  the  sodium  chloride  volatilises  and  is  decom- 
posed by  the  intense  heat  and  the  water  vapour  in 
the  furnace.  The  sodium  oxide  formed  condenses  on 
the  surface  and  forms  a fusible  silicate  with  the  clay. 

2NaCl  -f  HgO  = NaoO  -f  2HC1 

Salt.  Water.  Sodium  Hydrogen 

oxide.  chloride. 


BORON. 

Symbol,  B;  triad  ; atomic  weight,  11. 

Boron  does  not  occur  in  nature  in  the  free  state, 
but  is  found  as  free  boric  acid,  and  also  in  the  form 
of  various  natural  borates.  In  some  respects  its  com- 
pounds resemble  those  of  the  metal  aluminium. 

Preparation  of  boron. — Amorphous  boron  is 
obtained,  as  a brown  powder,  by  heating  boron  trioxide 
(BoOg)  with  sodium.  Crystalline  boron  is  prepared  by 
melting  the  amorphous  variety  in  aluminium,  and  when 
cold  dissolving  away  the  aluminium ; it  has  been 
proved  to  be  a compound  of  aluminium  and  boron. 
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BORIC  OR  BORACIC  ACID. 

Formula,  H3BO3. 

Boracic  acid  is  found  in  the  jets  of  steam  known 
as  soffioni  issuing  from  fissures  in  the  earth  in  the 
volcanic  districts  of  Tuscany j these  jets  of  steam 
condense  and  form  small  lagoons,  by  the  concen- 
tration of  the  water  of  which  boracic  acid  is  ob- 
tained. Since  this  volcanic  boracic  acid  is  always 
accompanied  by  salts  of  ammonia,  it  is  possible  that 
it  is  produced  deep  down  in  the  earth  by  the  contact 
of  boron  nitride  with  steam,  as  these  two  bodies  are 
known  to  decompose  one  another  as  follows  : — 

BN  + SHgO  = H3BO3  + NH3 

Boracic  Ammouia. 

nitride.  acid. 

Boracic  acid  may  also  be  prepared  by  mixing 
together  a concentrated  hot  solution  of  borax  with 
sulphuric  or  hydrochloric  acids  ; on  cooling,  the  boracic 
acid  crystallises  out. 

Na^B^^O^  + 2HC1  -p  5H2O  = 

Borax.  Hydrochloric  Water, 

acid. 

4H3BO3  -(-  2NaCl 

Boric  acid.  Sodium 

chloride. 

Pi*operfic*s — Boracic  acid  is  a white  solid, 
crystallising  in  small  soapy-feeling  crystals,  very 
soluble  in  hot,  and  moderately  soluble  in  cold  water. 
It  possesses  antiseptic  propertie.s,  and  is  used  as  an 
antiseptic  dressing  and  as  a preservative. 

On  gently  heating  boracic  acid,  each  molecule  of 
the  acid  loses  a molecule  of  water,  and  metaboric  acid 
IS  formed. 
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H3BO3  = HBO2  + HgO 

Boracic  Metaboracic  Wtiter. 

acid.  acid. 

If  further  heat  be  applied,  pyroboric  acid  (H2B^07) 
is  produced,  and  finally  all  the  water  is  driven  off 
and  boracic  anhydride  or  boron  trioxide  (B2O3)  is 
left,  thus : 

2HBO2  = B2O3  + H2O 

Metaboracic  Boracic  Water, 

acid.  anhydride. 

Tests. — (i)  If  boracic  acid  be  mixed  with  some 
alcohol,  and  a light  applied  to  the  mixture,  the  boracic 
acid  communicates  a green  colour  to  the  flame  of  the 
burning  alcohol. 

(ii)  If  yellow  turmeric  paper  be  dipped  into  a 
solution  of  boracic  acid  and  dried  at  100“  it  turns 
reddish  brown.  On  adding  ammonia  the  colour  turns 
dark  blue.  It  is  the  only  acid  that  turns  turmeric 
brown,  this  colour  being  usually  produced  by 
alkalies. 

BORAX. 

Formula,  NagB^O^,  IOH2O, 

This  is  pyroborate  of  sodium.  Borax  occurs 
native  as  tincal  in  Persia  and  elsewhere  ; of  late, 
borax  has  been  found  in  large  quantities  in  Cali- 
fornia. 

Preparation  of  borax. — If  the  crude  volcanic 
boracic  acid  be  heated  with  sodium  carbonate,  am- 
monium carbonate  volatilises  {see  page  121),  and  borax 
remains. 

Na2C03  -h  4H3BO3  = Na^B^Oy  -f- 

Sodium  Boric  acid.  Borax, 

carbonate. 
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COo  + 

Carbon 

dioxide. 


6H2O 

Water. 
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^ Borax  when  heated  gives  off  its  water  of  crystallisa- 
tion, swelling  up  enormously  {intumescence),  and  then 
melts  ; fused  borax  dissolves  many  metallic  oxides 
and  often  acquires  thereby  characteristic  colours’ 
thus,  cobalt  gives  a blue  borax  bead,  chromium  a 
green  bead,  etc.  For  the  same  reason  it  is  laro-elv 
used  m the  operation  of  “ brazing,”  for  uniting  pieces 
of  brass  silver,  gold,  etc.  ; the  melted  borax  dissolves 
any  oxide,  and  offers  a clean  metallic  surface  to  which 
the  solder  adheres. 

ests.  ^i^  If  sulphuric  acid  be  added  to  borax 
(to  set  free  boracic  acid),  the  mixture  stirred  with 
alcohol,  and  a light  applied,  a green-coloured  flame 
will  be  obtained. 

(ii)  If  to  a solution  of  borax,  hydrochloric  acid 
be  added,  the  solution  will  give  the  turmeric  paper 
test  {see  p.  168).  ^ ^ 


CHAPTER  X. 

PHOSPHORUS — COMPOUNDS  OP  PHOSPHORUS. 

Phosphorus— Ordinary  or  Yellow  Phosphorus -Eed  or  Amorphous 
Phosphorus— Phosphorus  Trioxide— Phosphorus  Pentoxide— 
Phosphoric  Acid  — Pyrophosphoric  Acid  — 

Acid— Phosphorous  Acid— Hypophosphorous 
Phosphoretted  Hydrogen— Liquid  Phosphoretted  Hydrogen 
—Compounds  of  Phosphorus  and  Chlorine— Compounds  of 
Phosphorus  and  Bromine-Compounds  of  Phosphorus  and 
Iodine. 

PHOSPHORUS. 

Symbol,  P;  molecule,  P^;  pentad;  atomic  weight,  31  ; 
molecular  weight,  124. 

Phosphorus  and  arsenic  are  the  only  two  ele- 
ments that  contain  four  atoms  in  the  molecule ; the 
density  of  phosphorus  vapour  is  62,  therefore  its 
molecular  weight  is  62  x2  = 124,  and  as  the  relative 
weight  of  its  atom  is  31,  the  molecule  must  contain 

four  atoms.  , ^ x \ 

Phosphorus  (from  hght ; (pepstv,  to  bear) 

derives  its  name  Irom  its  property  of  shining,  or  being 
luminous,  in  the  dark  ; it  occurs  in  nature  principally 
as  calcium  phosphate  in  the  minerals  and  phos- 

phorite, and  in  soils  in  small  quantities ; plants  pos- 
sess the  power  of  abstracting  the  calcium  phosphate 
from  soils,  and  of  storing  it  in  their  tissues  partly  in 
the  form  of  a soluble  calcium  phosphate,  and  partly 
in  the  form  of  complex  organic  bodies  containing 
phosphorus ; animals  by  using  plants  as  foods  convey 
phosphorus  into  their  systems,  and  the  calcium  phos- 
phate becoming  deposited  in  bones  constitutes  the 
principal  inorganic  and  hardening  constituent  of 
houGH,  whilst  phosphorus  m the  form  of  complex 
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organic  bodies  is  an  essential  constituent  of  the 
brain,  nervous,  and  other  tissues;  in  our  food  more 
phosphorus  is  taken  than  the  system  requires,  the 
excess  being  got  rid  of  mainly  by  excretion  as  phos- 
phates (principally  in  the  urine,  partly  in  the  fseces) 
and  thus  returned  to  the  soil.  Phosphorus  was 
hist^  prepared  (1670)  from  the  calcium  phosphate 
obtamed  from  concentrated  urine;  later,  the  discovery 
was  made  that  bones  also  contain  calcium  phosphate, 

and  it  is  from  this  source  that  phosphorus  is  now- 
prepared. 

There  are  two  allotropic  forms  of  phosphorus,  the 
or(hnary  or  yellow,  and  the  red  or  amorphous,  which 
differ  remarkably  from  one  another  in  their  properties. 

Ordinary  or  Yellow  Phosphorus. 

This  is  prepared  from  bones  in  the  following 
manner : — (1)  The  bones  are  calcined  to  obtain  bone*^ 
ash  an  impure  calcium  phosphate;  (ii)  the  bone-ash 
IS  digested  with  sulphuric  acid.  Phosphoric  acid 
remains  in  solution  and  calcium  sulphate  is  pre- 
cipitated. ^ 


Ca3(PO,), 

Calcium 

phosphate. 


3HjSO, 

Sulphuric 

acid. 


SCaSO^ 

Calcium 

sulphate. 


+ 


-jxlgPO^ 

Phosphoric 

acid. 


The  liquid  is  filtered  and  evaporated  to  a syrup  • 
-.0  per  cent,  of  charcoal  powder  is  added,  and  the 
mixture  dried ; it  is  finally  distilled  at  a red  heat 

rom  clay  retorts,  and  the  phosphorus  vapour  collected 
under  water. 

The  reactions  which  occur  are: — (1)  the  phos- 
phoric acid  gives  oflT  w-ater  and  is  converted  into 
metaphosphoric  acid. 


H3P0, 

Phosphoric 

acid. 


H2O  + HPO, 

Water.  Metaphosphoric 
acid. 
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(2)  The  metaphosphoric  acid  is  reduced  by  the 
red-hot  carbon. 


4HPO3  + 

Metapliosplioric 

acid. 


12c  = 12CO  + 2H2  + P.J 

Carbon.  Carbon  Hydrogen,  Pltos- 

monoxide.  jihorus. 


(iii)  The  phosphorus  so  obtained  is  purified  by 
forcing  it,  when  melted  under  hot  water,  through 
wash-feather;  the  purified  phosphorus  is  then  cast 
into  sticks,  and  kept  under  cold  water. 

Phosphorus  is  now  largely  prepared  directly  from 
calcium  phosphate  ; a mixture  of  heated  phosphate, 
carbon,  and  various  liuxes  is  introduced  into  an 
electric  furnace ; the  current  is  then  turned  on  and 
the  phosphorus  vapour  distils  over.  No  sulphuric 
acid  is  required,  and  the  process  is  continuous. 

Properties. — Phosphorus  is  a colourless  trans- 
parent solid  when  fi.rst  prepared,  somewhat  lesenibhng 
white  wax  in  appearance  and  consistency,  but  it 
gradually  becomes  yellowish  in  colour  by  keeping. 
It  melts  at  44°  (110°  P.),  ignites  at  a slightly  higher 
temperature,  boils  at  269  , and  out  of  contact  wit!i 
air  may  be  distilled  unchanged ; it  is  luminous  in  the 
dark,  giving  off  white  fumes  of  the  oxide.  Phos- 
phorus is  very  apt  to  catch  fire,  and  it  is  there- 
fore kept  under  water.  It  is  slightly  soluble  in 
ether  and  in  the  fixed  oils,  and  is  very  soluble  in 
carbon  bisulphide ; if  its  solution  in  this  substance 
be  poured  on  a .sheet  of  paper  or  on  the  floor,  ^the 
carbon  bisulifiiide  rapidly  evaporates,  and  the  phos- 
phorus is  left  in  so  fine  a state  of  division  that  it 
ignites  spontaneously  in  a very  short  time.  Phos- 
phorus is  very  poisonous,  and  is  a common  constituent 
of  rat-pastes. 


Chap.  X.] 


Red  Phosphorus, 


Red  or  Amorphous  Phosphorus. 

Tliis  is  prepared  by  heating  ordinary  pliospliorus 
in  an  atmosphere  of  carbon  dioxide  or  of  nitrogen 
to  240°  for  some  time,  any  ordinary  phosphorus 
which  remains  unclianged  being  removed  by  dissolving 
it  out  witli  carbon  disulphide.  It  is  also  very  slowly 
formed  by  the  exposure  of  a stick  of  phosphorus,  kept 
under  water,  to  light,  when,  after  some  time,  a red 
coating  of  amorphous  phosphorus  forms  on  the  stick. 

If  amorphous  phosphorus  be  heated  (while  in  an 
atmosphere  of  carbon  dioxide  or  of  nitrogen)  to  a 
high  temjDerature,  it  passes  into  vapour  which  con- 
denses as  ordinary  phosphorus. 

Properties. — This  allotropic  form  of  phosphorus 
is  a red-brown  amorphous  powder ; it  does  not  fume 
in  the  air,  nor  is^it  luminous  in  the  dark;  it  does 
not  melt  at  250°,  and  catches  fire  only  at  260° ; 
there  is  therefore  no  necessity  for  keeping  it  under 
\yater ; it  is  insoluble  in  carbon  bisulphide,  and  all 
liquids ; it  is  odourless  and  non-poisonous  ; althoimh 
usually  amorphous  it  has  been  obtained  in  crystals.^ 

Use  of  phosphorus  in  luciter  matches 

Roth  varieties  of  phosphorus  are  used  in  the  manu- 
facture of  lucifer  matches.  Common  matches  are 
tipped  with  a mixture  containing  ordinary  phosphorus, 
and  ignite  when  rubbed  on  any  rough  surface,  the 
friction  producing  sufficient  heat  to  set  the  phosphorus 
on  fire.  Safety  matches  have  no  phosphorus  on  their 
tips,  but  are  tipped  with  a mixture  of  potassium 
chlorate,  red  lead,  and  black  sulphide  of  antimony 
the  phosphorus  being  on  the  side  of  the  box  in  the 
form  of  amorphous  phosphorus,  stuck  on  with  common 
glue;  when  a safety  match  is  rubbed  against  this, 
the  portion  of  amorphous  phosphorus  rubbed  adheres 
to  the  tip  of  the  match  and  causes  it  to  catch  fire. 

The  following  table  contrasts  the  different  pro- 
perties of  the  two  allotropic  forms  of  phosphorus  : 
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Ordinary  Phosphorus. 

Form. — In  sticks. 

Colour. — Colourless,  or  yellow. 

Odour. — Peculiar. 

Luminosity.  — Liuminous  in 
dark. 

Inflammability.  — Ignites  at 
45°  C.,  and  is  apt  to  ignite 
when  handled. 

Exposure  to  air. — ^Vhite  fumes 
evolved. 

Sohihility.—^ohxhle  in  carbon 
bisulphide,  and  slightly  so 
in  ether  and  the  fixed  oils. 

Physiological  action.  — Very 
poisonous. 


Amorphous  Phosphorus. 

In  powder. 

Red -brown. 

None. 

Not  luminous. 

Ignites  at  260°  C.,  and  may 
be  handled  with  im- 
punity. 

No  fumes  evolved. 

Insoluble  in  all  liquids. 

Not  poisonous. 


COMPOUNDS  OF  PHOSPHORUS  AND 

OXYGEN. 

There  are  two  oxides  of  phosphorus,  viz.  phos- 
phorous oxide  or  phosphorous  anhydride  (P^Og),  and 
phosphoric  oxide  or  phosphoric  anhydride  (P2O5). 


Phosphorous  Oxide. 

Formula.^ 

When  phosphorus  is  burnt  in  a rapid  current  of 
air  a mixture  of  the  two  oxides  P40g  and  PgOg  is 
formed,  the  mixture  is  passed  through  a glass  tube 
surrounded  with  hot  water  at  60°;  the  PgOg  condenses 
in  this  tube,  while  the  more  volatile  P^Og  passes  on 
and  is  condensed  in  a U-tube  surrounded  with  a 
freezing  mixture.  It  is  a soft,  waxlike,  crystalline 
solid,  melting  at  22-5°  ; it  gives  off  a very  poisonous 
vapour.  When  warmed  in  oxygen  it  bursts  into 
flame.  Its  vapour  density  is  110,  and  its  molecular 

weight  220. 
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Phosphorus  Pentoxide. 

Formula^  P2O5. 

This  oxide  is  obtained  as  a white  powder  by  burn- 
ing phosphorus  in  oxygen,  or  in  a free  supply  of  air. 
At  a high  temperature  it  can  be  volatilised ; it  has  a 
very  powerful  attraction  for  moisture,  being  one  of 
tlie  most  hygroscopic  substances  known.  It  is  the 
anhydride  of  phosphoric  acid,  and  if  dissolved  in  hot 
water  it  forms  phosphoric  acid  at  once;  if  dissolved  in 
cold  water  it  forms  at  first  metaphosphoric  acid  : the 
metaphosphoric  acid  then  gradually  unites  with  more 
water  to  form  ordinary  phosphoric  acid. 

ACIDS  OF  PHOSPHORUS. 

There  are  three  acids  of  phosphorus,  viz. : 

H3PO4  Phosphoric  acid. 

H3PO3  or  HgPHOg  Phosphorous  acid. 

H3PO2  or  HPHgOg  Hypophosphorous  acid. 

Of  phosphoric  acid  there  are  two  derivatives,  viz. 
pyrophosphoric  acid  (H^PgO^)  and  metaphosplioric 
acid  (HPO3),  which  consist  of  phosj)horic  acid  de- 
prived of  different  amounts  of  water  ; these,  however, 
are  not  separate  acids  of  phosphorus,  but  are  deriva- 
tives or  varieties  of  phosphoric  acid,  in  connection 
with  which  they  will  be  described. 

Phosphoric  or  Ortho-phosphoric  Acid. 

Formula,  HgPO^^. 

This  is  the  ordinary  or  common  phosphoric  acid, 
and  is  called  ortho-phosphoric  acid  {opdug,  true)  in 
order  to  distinguish  it  from  its  two  derivatives. 

Modes  of  preparation.  _ (i)  By  dissolving 
phosphoric  anhydride  in  hot  water. 


176 


Chemistry. 


[Part  II 


P2O5  + 3K,0  = 2H3PO, 

Phosphoric  Water.  Phosphoric 

aniiydride.  acid. 

(ii)  The  phosphoric  acid  used  in  medicine  is 
obtained  by  boiling  together  for  some  time  phosphorus, 
nitric  acid,  and  water ; the  phosphorus  is  oxidised  by 
the  nitric  acid  to  phosphoric  anhydride,  and  this  witli 
the  boiling  water  forms  phosphoric  acid. 

3P^  + 2OHNO3  -f  8H2O  = I2H3PO4  + 

Phospliorus.  Nitric  acid.  Water.  Phosplioric  acid. 

20NO 

Nitrogen 

dioxide. 

(iii)  Phosphoric  acid  may  be  obtained  by  the 
action  of  phosphoi’us  pentachloride  on  water,  the 
hydrochloric  acid  being  driven  off  by  subsequent 
evaporation. 

PCI5  -f  dHgO  = H3P0^  + 5HC1 

Phosphorus  Water.  Phosphoric  Hydrochloric 

pentachloride.  acid.  acid. 

(iv)  By  the  action  of  sulphuric  acid  on  bone  ash 

{see  P-  171).  , . , 

Properties. — Phosphoric  acid  is  one  of  the 
least  volatile  inorganic  acids,  as  it  even  expels  sul- 
phuric acid  from  its  compounds.  It  forms  three 
sodium  salts,  viz.  Na3P04,  JSTaoHPO^,  and  NaH2P04j 
the  last-mentioned  salt  is  acid  to  test-paper. 

Tests. — (i)  Phosphoric  acid  wdien  neutralised 
with  ammonia  gives  a canary-yellow  precipitate  of 
silver  phosphate  with  solution  of  silver  nitrate  ; this 
precipitate  is  readily  dissolved,  both  by  solution  of 
ammonia  and  by  nitric  acid. 

(ii)  If  to  phos]ihoric  acid  excess  of  ammonia  be 
added,  and  then  solutions  of  ammonium  chloride  and 
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magnesium  sulphate,  a white  crystalline  precipitate 
will  form  on  shaking  the  mixture  ; this  precipitate  is 
the  magnesium  ammonium  phosphate  (MgNH^PO^). 

(iii)  If  a small  quantity  of  a phosphate  be  boiled 
with  strong  nitric  acid  and  ammonium  molybdate, 
a bright  yellow  precipitate  is  formed.  ^ 


Pyrophospiioric  Acid. 

Formula,  H^PgO^. 

This  derivative  of  phosphoric  acid  is  obtained  by 
heating  that  acid  a little  above  200°  j two  molecules 
of  ])hosphoric  acid  lose  one  molecule  of  water,  formin« 
pyrophospiioric  acid.  ^ 


2H3PO, 

Phosphoric 

acid. 


HjO  = H,P,0, 

Water.  Pyrophosidioric 
acid. 


It  may  also  be  obtained  in  the  form  of  its  sodium 
salt  by  heating  ordinary  sodium  phosphate,  thus  : 


21Sra2HPO^ 

Sodium 

phosphate. 


Na^P^O,  + H„0 

Sodium  Water, 

pyrophosphate. 


Tests,  ArVhen  neutralised  with  ammonia,  pyro- 
phosphoric  acid  gives  a white  precipitate  with  silver 
nitrate,  thus  distinguishing  it  from  phosphoric  acid, 
which  gives  a yellow  precipitate. 

(11)  Pji'ophosphoric  acid  does  not  coagulate 
albumen  thus  distinguishing  it  from  metaphosphoric 
acid.  {See  below.) 


Metaphosphoric  Acid. 

Formula,  HPO3. 

This  variety  of  phosphoric  acid  can  be  prepared 
by  heating  that  acid  to  redness;  one  molecule  of 
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phosphoric  acid  loses  one  molecule  of  water,  forming 
metaphosphoric  acid,  thus  : 

HsPO^  - HjO  = HPO3 

Phosphoric  Water.  Metaphosphoric 

acid.  acid. 

Metaphosphoric  acid  is  obtained  as  a vitreous 
mass,  and  hence  is  known  as  glacial  phosphoric  acid  ; 
it  dissolves  in  water,  and  its  solution  changes  slowly 
at  ordinary  temperatures,  but  rapidly  with  heat,  into 
ordinary  phosphoric  acid. 

Tests. — (i)  When  neutralised  with  ammonia, 
metaphosphoric  acid  gives  a white  precipitate  with 
silver  nitrate,  thus  distinguishing  it  from  ordinary 
phosphoric  acid,  \vhich  gives  a yellow  precipitate. 

(ii)  If  some  unboiled  white  of  egg  be  shaken 
with  metaphosphoric  acid,  the  albumen  is  coagulated  ) 
this  test  distinguishes  metaphosphoric  acid  from  pyro- 
phosphoric  acid,  which  does  not  possess  the  power  of 
coagulating  albumen. 

Phosphorous  Acid. 

Formula,  H3PO3. 

This  acid  contains  in  the  molecule  one  atom  of 
oxygen  less  than  phosphoric  acid. 

Modes  of  preparation.  — (i)  By  dissolving 

phosphorous  oxide  in  cold  water. 

-Pfi,  4-  6H2O  = 4H3PO3 

Phosphorous  Water.  Phosphorous 

anhydride.  acid. 

(ii)  By  the  action  of  phosphorus  trichloride  on 
water. 

PCI,  + 3H,0  = H3PO3  4-  3HC1 

Phosphorus  Water.  Phosphorous  Hydrochloric 

trichloride.  acid.  acid. 
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Properties. — Phosphorous  acid  has  a very  strong 
attraction  for  oxygen,  and  if  exposed  to  the  air  forms 
phosphoric  acid  ; on  account  of  its  affinity  for  oxygen 
it  is  a powerful  reducing  agent. 

Hypophosphorous  Acid. 

Formula,  H3PO0  or  HPH^Og. 

This  acid  contains  one  atom  of  oxygen  less  in  the 
molecule  than  phosphorous  acid  ; it  is  a monobasic 
acid,  and  its  constitutional  formula  is  therefore 
HPHgOg.  It  may  be  prepared  by  decomposing  its 
barium  salt  (barium  hypophosphite)  with  sulpl^uric 
acid,  and  filtering  from  the  insoluble  barium  sulphate. 

Ba(PH202)2  4-  H2SO4  = 2HPH2O2  + BaSO, 

Barium  Sulphuric  Hypophosphorous  Barium 

hypophosphite,  acid.  acid.  sulphate. 

* I 

Preparation  of  tlie  liypopliospliites. — The 

sodium,  potassium,  calcium,  and  barium  hypophos- 
phites  are  prepared  by  boiling  respectively  the  alkaline 
hydrate  of  the  metal  with  phosphorus  and  water ; in 
each  case  gaseous  phosphoretted  hydrogen  is  evolved. 
The  two  hypophosphites  most  employed  in  medicine 
are  the  sodium  and  calcium  salts,  the  preparation  of 
which  is  shown  in  the  following  equations  : 

3NaHO  + + SHgO  = SNaPHgOg  + PH3 

Sodium  Phosphorus.  Water.  Sodiuin"  Phosphoretted 

hydrate.  hypophosphite  hydrogen. 

3Ca(HO)j  + 2P.J  + 6H2O  = 3Ca(PH20j).,  + 

Calcium  Phosphorus.  Water.  Calcium 

hy  drate.  hypophos  phi  te. 

2PH3 

Phosphoretted 

hydrogen. 
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COMPOUNDS  OF  PHOSPHORUS  AND 

HYDROGEN. ' 

There  are  three  compomids  of  these  elements,  a 
gas  (PHg),  a liquid  (PgH^^),  and  a solid  (P^H^). 

Gaseous  Phosphoretted  Hydrogen  or  Phosphine. 

Formula,  PHg. 

Modes  of  preparation.  — (i)  As  described 
above,  this  compound  is  produced  when  phosphorus  is 
boiled  with  an  alkali  and  water ; the  gas  that  is 
evolved  is  not,  however,  quite  pure,  since  on  coming 
in  contact  with  the  air  it  ignites  spontaneously, 
whereas  pure  gaseous  phosphoretted  hydrogen  is  not 
spontaneously  inflammable;  its  spontaneous  inflam- 
mability, when  prepared  by  the  action  of  phosphorus 
on  an  alkali,  is  due  to  its  being  contaminated  with  a 
small  quantity  of  the  vapour  of  the  liquid  phos- 
phoretted hydrogen,  which  is  spontaneously  inflam- 
mable. 

(ii)  The  pure  gas  is  obtained  by  the  action  of 
potassium  hydroxide  upon  phosphonium  iodide. 

PH,I  + KHO  = KI  -f  H^O  -f  PH3 

Phosphonium  Potassium  Potassium  Water.  Phosphine. 

iodide.  hydroxide.  iodide. 

It  will  be  noticed  that  this  equation  is  comparable 

with  that  on  p.  117,  by  which  ammonia  is  prepared. 
In  fact,  phosphine  resembles  ammonia  in  several 
respects  : thus  it  combines  directly  with  hydrogen 
chloride,  bromide,  and  iodide  to  form  salts  (PH^Cl, 
etc.),  but  it  is  not  such  a powerful  base  as  ammonia. 

PB’opei’ties.  — The  specific  gravity  of  phos- 
phoretted hydrogen  is  17,  and  it  is  somewhat  heavier 
than  air;  it  is  a colourless  gas,  with  a very  un- 
pleasant garlic-like  odoui*,  nearly  insoluble  in  water, 
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and  igniting  when  a light  is  applied  to  it,  forming  by 
its  combustion  phosphorus  pentoxide  and  water. 

Liquid  Phosphoretted  Hydrogen. 

Formula,  P2H^. 

Preparation.— This  body  is  obtained,  mixed 
with  PH3,  by  the  action  of  calcium  phosphide  on 
water. 

+ 4B,0  = 4-  2Ca(HO)2 

Calcium  Water.  Phosphoretted  Calcium 

phosphide.  hydrogen  (liquid).  hydrate. 

Properties. — A liquid  possessing  a very  un- 
pleasant odour,  and  catching  fire  spontaneously  on 
exposure  to  the  air ; it  is  very  unstable,  especially  if 
exposed  to  sunlight,  decomposing  into  the  gaseous 
and  solid  phosphoretted  hydrogen  and  free  phosphorus. 

Calcium  phosphide  is  sometimes  used  as  a signal 
at  sea,  since  when  thrown  into  water,  the  phosphoretted 
hydrogen  evolved  takes  fire  and  burns  with  a bri<dit 
light. 


COMPOUNDS  OF  PHOSPHORUS  AND 

CHLORINE. 

There  are  two  chlorides  of  phosphorus,  a tri- 
chloride  and  a pentachloride. 

Phosphorus  Trichloride  or  Phosphorous 

Chloride. 

Formula,  PCI3. 

A colourless  liquid,  fuming  in  moist  air,  and  pro- 
duced by  burning  phosiihorus  in  chlorine,  keeping 
the  phosphorus  in  excess.  Phosphorus  trichloride  is 
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decomposed  by  water,  with  formation  of  phosphorous 
and  hydrochloric  acids. 


PCI3  + 3H2O  = H3PO3  -h  3HC1 

Phosphorus  Water.  Phosphorous  Hydrochloric 

trichloride.  acid.  acid. 


Chlorine  converts  phosphorus  trichloride  into  the 
pentachloride. 


Phosphorus  Pentachloride  or  Phosphoric 

Chloride. 


Formula.  PCI-. 

' o 

A white  crystalline  body,  volatilising  and  fuming 
in  the  air.  It  is  produced  (i)  by  the  action  of 
chlorine  on  the  trichloride  of  phosphorus  ; (ii)  by 
burning  phosphorus  in  excess  of  chlorine  ; (iii)  by 
passing  chlorine  into  a solution  of  phosphorus  in 
carbon  bisulphide.  Phosphorus  pentachloride  is  de- 
composed by  water,  with  formation  of  phosphoric  and 
hydrochloric  acids. 


PCig  + IHgO 

Phosphorus  Water, 

pentachloride. 


H3PO4  + 5HC1 

Phosphoric  Hydrochloric 

acid.  acid. 


Phosphorus  pentachloride  is  an  extremely  useful 
reagent,  since  it  acts  upon  organic  and  inorganic 
bodies  containing  the  hydroxyl  group,  replacing  the 
HO  by  Cl. 


SOo(HO)2 

Sulphuric 

acid. 


+ PCI5  = POCI3  + HCl  + 

Phosphorus  Phosphorus  Hydrochloric 
pentachloride.  oxychloride.  acid. 

SOoHOCl 

Chloro-sul  phonic 
acid. 
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{ COOH  + ^*^'5  = (coci  + + 

Acetic  Phosphorus  Acetyl  Phosphorus 

acid.  pentachloride.  chloride.  oxychloride. 

HCl 

Hydrochloric 

acid. 

Phosphorus  pentachloride  has  a vapour  density  at 

300"  of  52,  instead  of  (PCI5  31  + 177-5)  = 

104-2 ; this  is  explained  by  the  fact  that  PCI5  vapour 
does  not  exist ; under  ordinary  conditions  it  dissociates 
into  PCI3  + CI3,  so  that  we  have  two  molecules,  and 
must  therefore  divide  the  molecular  weight  by  4 
instead  of  2. 

COMPOUNDS  OF  PHOSPHORUS  WITH 
BROMINE  AND  IODINE. 

There  are  two  bromides  of  phosphorus,  a tri- 
bromide (PBrg),  which  is  a liquid  body,  and  a penta- 
bromide  (PBr^),  which  is  a solid  body. 

There  are  also  two  iodides  of  phosphorus,  a di- 
iodide (P2I4);  and  a tri-iodide  (PI3),  both  solid  bodies. 

All  these  compounds  are  produced  by  direct  com- 
bination between  the  elements. 

The  nitrog^eii  group  of  elements.— Atten- 
tion has  already  been  called  (p.  18.0)  to  the  fact  that 
phosphine  can  be  prepared  by  a reaction  comparable 
to  that  by  which  we  obtain  ammonia.  This  is  but 
one  instance  of  many  points  of  resemblance  between 
the  elements  nitrogen  and  phosphorus.  In  fact,  the 
elements  nitrogen,  phosphorus,  arsenic,  antimony,  and 
bismuth  form  a natural  group.  Thus  they  all  (except 
bismuth)  form  gaseous  compounds  with  hydrogen. 
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having  the  formulje  NH3,  PH3,  ASH3,  SbH3.  Again, 
we  have  the  corresponding  acids,  HNO3,  HPO3, 
HASO3,  HSb03;  the  metallic  nature  of  the  elements 
becomes  more  marked  as  the  atomic  weight  increases, 
so  that  the  oxides  of  bismuth  do  not  form  well-marked 
acids. 
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CHAPTER  XI. 

SULPHUR — OXIDES,  ACIDS,  AND  COMPOUNDS  OP 

SULPHUR. 

Sulphur — Allotropic  forms  of  Sulphur — Properties  of  Sulphur — 
Sulphur  Dioxide  or  Sulphurous  Anhydride — Sulphur  Trioxide 
or  Sulphuric  Anhydride — Sulphurous  Acid — Sulphuric  Acid 
— Nordhausen  or  Fuming  Sulphuric  Acid — Sulphuretted 
Hydrogen  — Hydrogen  Persulphide  — Thiosulphuric  Acid — 
Compounds  of  Sulphur  and  Chlorine. 

SULPHUR. 

Symbol,  S ; molecule  at  500°  Sg,  at  1000°  8.3 ; 
liexad ; atomic  weight,  32;  molecular  weight,  64 

at  1000°. 

Sulphur,  commonly  known  as  brimstone,  occurs  in 
nature  in  considerable  quantities,  in  both  the  free 
and  combined  states.  In  the  free  state  it  is  found  in 
the  volcanic  districts  of  Sicily,  Italy,  and  Iceland,  in 
the  form  of  yellow  crystals,  or  in  the  amorphous  state 
embedded  in  blue  clay.  In  the  combined  state  it 
exists  as  the  various  native  metallic  sulphides  (e.g. 
iron  pyrites  FeSg,  blende  ZnS,  black  antimony  SbgSg, 
copper  sulphide  CuS,  galena  PbS,  cinnabar  HgS),  and 
as  native  metallic  sulphates  {e.g.  gypsum  CaSO^, 
^HgO,  Epsom  salts,  MgSO^,  THgO,  heavy  BaSOJ. 
Sulphur  is  obtained  from  the  rock,  in  which  it  occurs 
in  volcanic  districts,  by  melting  it  out ; it  is  purified  by 
distillation,  the  sulphur  being  converted  into  vapour, 
which  is  conducted  into  a large  and  cool  brick  cham- 
ber, in  which  it  becomes  cooled,  and  condenses,  first 
to  a yellow  powder,  of  sulphur,  which  subse- 

quently melts,  and  is  cast  into  sticks. 

There  are  three  allotropic  forms  of  sulphur,  viz. 
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two  crystalline  forms  (the  octahedral  and  the  prismatic) 
and  an  amorphous  form. 

Tlie  allotropic  forms  of  siilpliiir.  — (i) 

Octahedral  variety. — This  is  obtained  by  dissolving 
powdered  stick  sulphur  in  carbon  bisulphide,  and 
allowing  the  solution  to  evaporate  spontaneously, 
when  octahedral  crystals  of  sulphur  are  deposited. 
Sulphur  is  found  native  crystallised  in  this  form. 

(ii)  Prismatic  variety. — This  may  be  obtained  by 
heating  sulphur  in  a crucible  until  it  melts,  allowing 
it  to  cool  until  a crust  forms  on  the  surface,  and  then 
perforating  the  crust  with  an  iron  rod  and  pouring 
out  the  molten  sulphur  from  underneath,  when  long 
prismatic  crystals  of  sulphur  will  be  found  adhering 
to  the  sides  of  the  crucible. 

(iii)  Amorphous  variety. — This  may  be  produced 
in  two  forms,  plastic  sulphur  and  precipitated  sulphur. 
Plastic  sulphur  is  prepared  by  heating  sulphur  to  a 
temperature  between  300°  and  400°,  and  then  pour- 
ing it  into  cold  water,  when  it  forms  a plastic  mass 
which  can  be  drawn  out  like  soft  caoutchouc  ; it  does 
not,  however,  retain  its  plasticity  for  long,  as  it  gradu- 
ally becomes  hard  and  brittle,  owing  to  its  conversion 
into  the  crystalline  condition.  Precipitated  sulphicr  is 
obtained  by  boiling  flowers  of  sulphur  with  calcium 
hydrate  (slaked  lime)  and  water,  when  the  sulphur 
passes  into  solution  as  calcium  pentasulphide  (CaS^) 
and  calcium  thiosulphate  (CaSjj03),  from  which  solution 
the  sulphur  may  be  precipitated  in  the  amorphous 
form  by  hydrochloric  acid,  which  unites  with  the  cal- 
cium and  so  sets  free  the  sulphur. 


3Ca(HO)2  4-  GS^ 

Calcium  Sulphur, 

hydrate. 


2CaSg  “h 

Calcium 

peutasulphide. 


' CaS203  4-  3H2O 

Calcium  Water, 

thiosulphate. 
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2CaS5  + CaSjOj 

Calcium  Calcium 

pentasulphide.  thiosulphate. 


+ 6HC1  = 

Hydrochloric 

acid. 


6S3  + 3H,0 

Sulphur.  Water. 
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3CaClo  + 

Calcium" 

chloride. 


Til  is  is  the  process  for  preparing  the  pTecipitated 
sulphur  of  the  British  Pharmacopoeia;  if  sulphuric 
acid  is  used  instead  of  hydrochloric  acid,  calcium  sul- 
phate will  be  produced  instead  of  calcium  chloride, 
and,  since  the  calcium  sulphate  is  insoluble,  will  be 
thrown  down  with  the  precipitated  sulphur.  This 
mixture  of  calcium  sulphate  and  sulphur  used  to  be 
known  as  milk  of  sulphur,  formerly  an  official  pre- 
paration in  the  Pharmacopoeia,  but  its  use  has  been 
discontinued  on  account  of  the  large  quantity  of  in- 
soluble sulphate  present  in  it. 

Properties — Sulphur  is  a solid,  possessing  a 
pale  yellow  colour,  odourless,  tasteless,  and  insoluble 
m water  ; it  burns  with  a pale  blue  flame,  producinc^ 
sulphur  dioxide  or  sulphurous  anhydride,  a gas  hav"- 
mg  a very  pungent  odour.  At  115°  sulphur  melts 
to  a clear  mobile  liquid,  which,  if  allowed  to  cool 
resolidifies  to  the  ordinary  yellow  sulphur  (the  pris- 
matic variety) ; if  more  strongly  heated,  it  undergoes 
a peculiar  change,  for,  instead  of  becoming  more 
mobile,  it  becomes  more  viscid,  and  darker  in  colour 
so  that  at  200°  it  is  a dark  brown  liquid,  and  so 
viscid  that  the  vessel  containing  it  may  be  inverted 
without  the  sulphur  flowing  out;  if  heated  above 
200  and  ^ up  to  400°,  it  gradually  becomes 
mobile  again,  and  boils  at  448°.  Sulphur  unites 
directly  with  oxygen,  chlorine,  phosphorus,  carbon, 

and  most  of  the  metals.  Sulphur  is  soluble  in  carbon 
disulphide. 

^ Test.-Its  yellow  colour,  combined  with  its  burn- 
ing with  a pale  blue  flame,  and  producing  the  pungent 
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smelling  gas  sulphur  dioxide,  renders  the  recognition 
of  sulphur  very  easy. 


COMPOUNDS  OF  SULPHUR  AND  OXYGEN. 

There  are  two  oxides  of  sulphur,  viz.  a gaseous 
oxide,  sulphur  dioxide  or  sulphurous  anhydride  (SO^), 
and  a solid  oxide,  sulphur  trioxide  or  sulphuric  anhy- 
dride (SO3). 

Sulphur  Dioxide  or  Sulphurous  Anhydride. 

LiqiLejies  at  — 10°. 

This  compound  is  contained  in  the  gases  of 
volcanoes. 

]?Iodes  of  preparation. — (i)  By  the  combus- 
tion of  sulphur  in  air  or  oxygen. 

2S  + 2O2  = 2SO2 

Sulphur.  Oxygen.  Sulphur. 

dioxide. 


(ii)  By  roasting  iron  pyrites  in  air. 


4FeSj  + IIO2 

Iron  Oxygen. 

pyrite.s. 


2Fe203  + 8SO3 

Ferric  Sulphur 

oxide.  dioxide. 


(hi)  For  experimental  purposes  sulphur  dioxide 
is  most  readily  prepared  by  the  action  ot  strong  sul- 
phuric acid  with  heat  on  the  metals  copper,  silver,  or 

mercury. 


Cu  -f  2H3SO4 

Copper.  Sulphuric 

acid. 


C11SO4  SOo  + 2HoO 

Copjier  Sulphur  Water, 

sulphate.  dioxide. 


(iv)  Sulphur  dioxide  can  be  cheaply  prepared  by 
the  action  of  strong  sulphuric  acid  with  heat  on 
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charcoal ; it  is  not,  however,  pure,  as  it  is  mixed  with 
carbon  dioxide,  which  is  produced  at  the  same  time. 

2H2S0^  + C = 2SO2  + CO2  -f  2H2O 

Sulphuric  Charcoal.  Sulphur  Carbon  Water, 

acid.  dioxide.  dioxide. 


Properties. — The  specific  gravity  of  sulphur 
dioxide  is  32,  and  it  is  considerably  heavier  than  air; 


Fig.  19.— Preparation  and  Liquefaction  of  Sulphur  Dioxide. 


it  is  a colourless  gas,  with  a very  pungent  irritating 
odour,  and  an  acid  taste  ; it  is  neither  combustible  nor 
is  it  a supporter  of  combustion  ; it  is  very  poisonous, 
and  is  freely  soluble  in  water,  60  volumes  dissolving 
in  1 volume  of  water.  If  cooled  by  means  of  a freezing 
mixture  it  condenses  to  a liquid  ; the  apparatus  for 
liquefying  it  is  shown  in  Fig.  19.  a is  a flask  in 
which  the  sulphur  dioxide  is  prepared  by  heating 
strong  sulphuric  acid  with  copper.  The  gas  is  passed 
through  a wash-bottle  b,  and  then  through  a spiral 
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tube  surrounded  by  a freezing  mixture  c,  tlie  liquefied 
gas  being  received  in  a flask  d,  which  is  also  sur- 
rounded by  a freezing  mixture.  Sulphur  dioxide  is 
a bleaching  agent,  and  also  an  antiseptic,  on  account 
of  its  germicidal  properties  ; as  an  antiseptic  it  is  em- 
ployed in  the  disinfection  of  rooms  in  wliich  patients 
suffering  from  infectious  fevers  have  been  kept,  but 
it  is  doubtful  whether  it  is  thoroughly  reliable  for 
such  a purpose.  For  this  purpose  sulphur  is  heated 
in  an  iron  saucepan  until  it  has  passed  through  the 
viscid  stage  and  again  become  mobile  (p.  187) ; it  is 
then  lighted  in  the  room,  the  windows  and  the  doors 
being  closed  ; 1 to  1 Jib.  of  sulphur  are  used  to  every 
1,000  cubic  feet  of  air  space  in  the  room. 

If  sulphur  dioxide  and  sulphuretted  hydrogen 
gases  be  mixed,  a cloud  of  free  sulphur  is  formed. 

2SO2  + 4H2S  = 3So  -f  4H2O 

Sulphur  Sulphuretted  Sulphur.  Water. 

dioxide.  hydrogen. 

It  is  possible  that  much  of  the  sulphur  found  free 
in  nature  in  volcanic  districts  is  produced  in  this 
manner. 

Tests. — (i)  Its  peculiar  pungent  and  irritating 
odour. 

(ii)  It  turns  paper  moistened  with  potassium 
bichromate  bluish  green. 

(iii)  It  gives  a blue  colour  with  a mixture  of  iodic 
acid  and  starch. 

Sulphur  Trioxide  or  Sulphuric  Anhydride. 

Formula,  SO3. 

ItIo<les  of  pi’eparatioii.  — (i)  By  passing  a 
mixture  of  sulphur  dioxide  and  oxygen  over  heated 
and  finely  divided  platinum,  when  the  two  gases  unite 
to  form  the  higher  oxide  of  sulphur. 
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2SO2  + =r:  289.3 

Sulphur  Oxygen.  Sulphur 

dioxide.  trioxide 

(ii)  By  gently  heating  Nordliausen  or  fuming 
siilpliuric  acid,  when  sulphuric  anhydride  volatilises 
over  and  condenses. 

H0SO4,  SO3  = H2SO4  + SO3 

Nordliausen  Sulphuric  Sulphur 

sulphuric  acid.  acid.  trioxide. 

(hi)  By  distilling  sulphuric  acid  with  phosphoric 
anh}^dride. 


3H„SO^  + P3O5  = 2H3PO4  + 3SO. 

Sulphuric  Phosphoric  Phosphoric  Sulphuric 

‘icid.  anhydride,  acid.  anhydride. 

Pi-opei-ties — Sulphur  trioxide  is  a solid  body, 
occurring  in  white  silky  needles.  It  dissolves  with 
avidity  in  water,  uniting  with  it  to  form  sulphuric 
acid, 

SO3  + HgO  = HgSO. 

Sulphuric  Water.  Sulphuric 

anhydride.  acid. 

SULPHUROUS  ACID. 

Formula.  HoSO... 

‘'/-It) 

ITIodc  of  preparation. — By  passing  sulphurous 
anhydride  into  water. 

SO3  -f  H^O  = H.SO. 

Water.  Sulphurous 

anhydride.  acid. 


Properties— Sulphurous  acid  possesses  the 
characteristic  pungent  odour  of  sulphurous  anhydride. 
If  ^ exposed  to  the  air  oxygen  is  absorbed,  and  the 
sulphurous  acid  is  slowly  converted  into  sulphuric 
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acid  (2H2SO3  -f  O2  = 2H2SOJ.  On  account  of  this 
readiness  to  combine  with  oxygen,  sulphurous  acid  is 
a powerful  reducing  agent.  Nascent  hydrogen  can, 
however,  reduce  sulphurous  acid,  depriving  it  of  all 
its  oxygen,  and  setting  free  sulphuretted  hydrogen 
(H2SO3  + SHg  = H2S  + 3H2O).  If  sulphurous 
acid  be  neutralised  with  an  alkaline  hydrate  or  car- 
bonate, a sulphite  is  produced.  Sulphites  are  more 
easily  prepared  by  the  union  of  sulphurous  anhydride 
with  the  strong  bases ; thus,  if  sulphurous  anhydride 
be  passed  into  solutions  of  caustic  potash  or  caustic 
soda,  sulphites  of  the  metals  are  produced,  thus : 


2NaHO 

Caustic 

soda. 

^^2  — 

Sulphurous 

anhydride. 

Na2S03 

Sodium 

sulphite. 

+ 

H2O 

Water. 

2KHO 

Caustic 

potash. 

+ SO2  = 

Sulphurous 

anhydride. 

KoSOo 

0 

Potassium 

sulphite. 

+ 

H2O 

Water. 

Tests. — (i)  If  to  a solution  of  a sulphite  some 
hydrochloric  acid  be  added,  sulphurous  acid  is  set  free, 
and  this  can  be  readily  detected  on  warming  by  the 
evolution  of  the  pungent-smelling  sidphur  dioxide 
{see  tests,  p.  190). 

(ii)  If  to  sulphurous  acid  or  a solution  of  a 
sulphite  some  zinc  and  hydrochloric  acid  are  added, 
the  nascent  hydrogen  will  reduce  the  sulphurous  acid 
to  sulphuretted  hydrogen  {see  above),  which  can  readily 
be  detected  by  its  odour,  and  by  its  blackening  a 
piece  of  filter-paper  moistened  with  a solution  of  lead 
acetate. 

SULPHURIC  ACID. 

Formula,  HgSO^. 

JUodes  of  preparalioii. — Sulphuric  acid  is 
obtained  by  the  oxidation  of  sulphurous  acid.  This 
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may  be  effected,  though  very  slowly,  by  exposing 
sulphurous  acid  to  the  air.  Sulphuric  acid  is  now 
manufactured  on  an  enormous  scale,  the  process  con- 
sisting in  oxidising  sulphurous  acid  to  sulphuric  acid 
in  large  leaden  chambers,  the  oxidation  being  effected 
in  the  first  place  by  means  of  nitric  acid,  and  after- 
wards by  means  of  nitrogen  peroxide  produced  from 


Fig.  20.— Sulphuric  Acid  Leaden  Chamber. 


the  nitric  acid  and  oxygen  of  the  air.  The  leaden 
chambers,  which  are  supported  by  means  of  external 
wooden  framework,  are  arranged  in  a series  com- 
municating with  one  another.  Into  the  first  one  the 
fine  of  a furnace  passes;  the  last  one  is  connected 
with  a tower.  Fig.  20  represents  the  first  of  the 
leaden  chambers.  In  the  furnace  a is  burnt  sulphur 
or  iron  pyrites  (FeSo),  the  resulting  sulphur  dioxide 
passing  along  with  a current  of  air  into  the  leaden 
chamber.  At  the  commencement  of  the  process  a 
vessel  containing  some  sodium  nitrate  and  sulphuric 
Ji 
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acid  is  placed  within  the  furnace  on  one  side,  so  that 
the  vapour  of  the  nitric  acid  evolved  passes  with  the 
current  of  sulphur  dioxide  and  air  into  the  leaden 
chamber ; this  vessel  only  requires  re-charging 
occasionally.  The  boiler  b discharges  steam  (instead 
of  steam,  water  spray  is  often  used)  into  the  interior 
of  the  chamber,  and  at  the  bottom  of  the  chamber 
the  sulphuric  acid  collects  in  a diluted  condition,  and 
is  drawn  off  from  time  to  time.  The  formation  of 
the  sulphuric  acid  takes  place  as  follows  : — (i)  The 
sulphur  dioxide  passing  into  the  leaden  chamber 
unites  with  the  steam  to  form  sulphurous  acid. 

SO2  -f  HgO  = H2SO3 

Sulphur  Water.  Sulpliurous 

dioxide.  acid. 

(ii)  This  sulphurous  acid  is  immediately  oxidised 
by  the  nitric  acid  vapour  to  sulphuric  acid,  nitrogen 
dioxide  being  evolved. 

3H2SO3  -f  2HNO3  = 3H2SO4  d-  2NO  -f  HoO 

Sulphurous  Nitric  acid.  Sulphuric  Nitrogen  Water, 

acid.  acid.  dioxide. 

(iii)  The  nitrogen  dioxide  then  unites  with  the 
oxygen  of  the  air  that  has  passed  into  the  chamber 
to  form  nitrogen  peroxide. 

2NO  -{-03  = 2NO2 

Nitrogen  Oxygen.  Nitrogen 

dioxide.  peroxide. 

(iv)  This  nitrogen  peroxide  oxidises  more  sul- 
phurous acid  to  sulphuric  acid,  nitrogen  dioxide 

being  again  formed. 

2II2SO3  + 2NO2  = 2H2SO4  + 2NO 

Sulphurous  Nitrogen  Sulphuric  Nitrogen 

acid.  peroxide.  acid.  dioxide 
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(v)  The  nitrogen  dioxide  is  again  converted  by 
the  oxygen  of  the  air  into  nitrogen  peroxide,  whicli 
then  oxidises  more  sulphurous  acid.  It  will  be 
noticed,  therefore,  that  in  this  lead-chamber  process 
the  oxidation  of  the  sulphurous  acid  is  effected  in  two 
diffeient  ways  : (a)  by  means  of  nitric  acid  vapour,  a 
small  quantity  only  of  which  has  to  be  generated 
from  time  to  time  to  start  the  work  of  oxidation  ; [b) 
by  means  of  the  nitrogen  dioxide,  produced  by’  the 
reduction  of  the  nitric  acid,  acting  as  a carrier  of  the 
oxygen  of  the  air  to  the  sulphurous  acid,  by  forming 
nitrogen  peroxide,  which,  oxidising  some  of  the  suf- 
jdiurous  acid  to  sulphuric  acid,  reproduces  nitrogen 
dioxide,  which  then  carries  on  its  work  of  combining’ 
with  the  oxygen  of  the  air.  The  nitrogen  dioxide  is 
unable  to  continue  this  work  for  an  indefinite  period, 
on  account  of  its  being  gradually  swept  away  in  the 
current  that  is  passing  through  the  leaden  chambers ; 
or,  since  the  air  that  passes  into  the  chambers  con- 
tains four-fifths  of  its  bulk  of  nitrogen,  this  nitroo-en 
rnust  pass  away  to  make  room  for  the  fresh  gases  and 
air  streaming  in.  As  with  this  escaping  nitrogen  a 
considerable  quantity  of  nitrogen  peroxide  must  pass 
away , and  as  this  latter  gas  would  very  seriously 
vitiate  the  atmosphere  in  the  neighbourhood  of  the 
sulphuric  acid  works  if  allowed  to  pass  into  it,  some 
provision  has  to  be  made  for  the  absorption  of  this 
ps.  To  effect  this,  the  gases  as  they  escape  from  the 
last  of  the  series  of  leaden  chambers  are  made  to  pass 
up  a tall  tower,  known  as  a Gay-Lussac’s  tower,  in 
which  strong  suliDhuric  acid  is  kept  slowly  tricklino 
down  oyer  pieces  of  coke ; the  nitrogen  peroxide  is 
absoped  by  the  strong  sulphuric  acid,  from  which  it 
can  be  liprated  by  dilution,  and  so  can  be  conducted 
ipo  the  first  of  the  leaden  chambers,  to  start  its  work 
ot  oxidation  over  again.  The  sulphuric  acid  that 
collects  at  the  bottom  of  the  leaden  chambers  is  in  a 
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diluted  condition,  it  is  known  as  “cliamber  acid”  and 
contains  about  66  per  cent,  of  HgSO^ ; it  is  concen- 
trated by  evaporation  at  first  in  leaden  vessels,  and 
afterwards  in  glass  or  platinum  vessels. 

Large  quantities  of  strong  sulphuric  acid  are  now 
made  by  the  direct  union  of  SO2,  O and  HoO  with 
the  aid  of  spongy  platinum  {see  page  190). 

Properties. — Sulphuric  acid,  which  is  commonly 
known  as  oil  of  vitviol,  is  one  of  the  strongest  acids  j 
the  pure  commercial  acid  is  of  specific  gravity  L«43, 
and  contains  94  percent,  of  sulphuric  acid.  If  strong 
sulphuric  acid  is  mixed  with  water,  the  mixture  becomes 
extremely  hot,  owing  to  the  formation  of  a molecular 
compound  (H3S04,H20).  On  account  of  its  powerful 
attraction  for  water,  strong  sulphuric  acid  is  employed 
for  the  purpose  of  drying  those  gases  on  which  it  has 
no  chemical  action.  If  sulphuric  acid  be  allowed  to 
drop  on  hot  bricks,  or  pieces  of  heated  pumice-stone, 
it  is  decomposed  into  water,  sulphur  dioxide,  and 
oxygen  (2H0SO4,  = -f-  2SO2  + O2). 

" Commercial  sulphuric  acid  is  very  apt  to  contain 
small  quantities  of  lead,  arsenic,  and  nitrogen  peroxide 
as  impurities.  The  lead  exists  as  the  sulpliate,  and  is 
derived  from  the  leaden  evaporating  vessels  in  which 
the  acid  is  concentrated.  Although  lead  sulphate  is 
soluble  in  strong  sulphuric  acid,  it  is  not  soluble  in 
the  dilute  acid,  and  therefore  comes  down  as  a white 
precipitate  on  diluting  the  strong  acid  with  water. 
Arsenic  is  derived  from  iron  pyrites  being  used  as  the 
source  of  the  sulphur  dioxide  ; arsenic  may  be  detected 
in  the  sulphuric  acid  by  diluting  it  with  water,  and 
passing  a stream  of  sulphuretted  hydrogen  gas  through 
it,  when  a yellow  precipitate  of  sulphide  of  arsenic  is 
produced  if  that  impurity  is  present,  or  it  may  be 
detected  by  Marsh’s  test  (see  page  285) ; sulphuric  acid 
can  be  manufactured  free  from  arsenic  by  employing 
Sicilian  sulphur  in  the  place  of  iron  pyrites.  Nitrogen 
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peroxide  is  derived  from  the  atmosphere  of  the  leaden 
chambers;  it  can  be  detected  by  shaking  the  strong 
sulphuric  acid  with  powdered  ferrous  sulphate,  which 
will  turn  of  a dark  colour  if  any  nitrogen  peroxide 
be  present.  Sulphuric  acid  can  be  freed  from  this 
impurity  by  boiling  with  a few  crystals  of  ammonium 
sulphate,  when  ammonium  nitrite  is  formed,  and  im- 
mediately decomposed  by  the  heat  into  nitrogen  and 
water  = ^2  + 

Test. — Sulphuric  acid,  or  a soluble  sulphate, 
gives  with  solution  of  barium  nitrate  or  chloride  a 
white  precipitate,  which  is  insoluble  in  hydrochloric 
acid,  or,  in  fact,  in  any  acid. 

NORDHAUSEN  OR  FUMING  SULPHURIC 

ACID. 

This  is  a commercial  form  of  strong  sulphuric  acid 
containing  sulphuric  anhydride  in  solution,  the  fumes 
which  it  gives  off  on  exposure  to  the  air  being  caused 
by  the  liberation  of  this  sulphuric  anhydride.  Its 
composition  is  usually  indicated  by  the  formula 
obtained  by  first  drying  crystallised 
ferrous  sulphate  (FeSO^,,  7HoO),  which  loses  six- 
sevenths  of  its  water,  having  then  the  formula 
FeSO^,  HgO,  and  then  strongly  heating  this  dried 
ferrous  sulphate  in  clay  or  earthenware  retorts,  when 
tlie  fuming  sulphuric  acid  distils  over,  ferric  oxide 
(^^2^3)  ^eing  left  in  the  retort. 

SULPHURETTED  HYDROGEN. 

Formula,  H2S ; liquefies  at  —62°. 

This  gas  is  analogous  to  water  in  its  composition  : 
the  one  being  an  oxide  of  hydrogen  ( H„0),  the  other 
a sulphide  of  hydrogen  (HgS). 
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Modes  of  preparation. — (i)  This  gas  is  gener- 
ally prepared  for  laboratory  purposes  by  the  action  of 
sulphuric  or  hydrochloric  acid  on  sulphide  of  iron. 

FeS  + H2SO4  = FeSO^  -b  H.S 

Ferrous  Sulphuric  Ferrous  Sulphuretted 

sulphide.  acid.  sulphate.  hydrogen. 


Small  lumps  of  sulphide  of  iron  are  placed  in  a 
bottle  (Fig.  21)  with  two  tubulures,  c,  the  bottom  of 
the  bottle  is  covered  with  broken  glass  up  to  the 


level  AA,  on  this  rests  the  sulphide  of  iron  ; dilute 
sulphuric  acid  is  poured  into  the  bottle  B,  which 
is  connected  with  c by  a flexible  tube : on  opening 
the  tap  T the  acid  flows  into  c,  and  a brisk  evolution 
of  the  gas  occurs  ; it  is  then  allowed  to  pass  through 
some  water  in  a wash-bottle,  and  thence  into  whatever 
solution  it  is  required  to  be  passed.  When  the  tap  t 
is  closed  the  gas  accumulates  in  c and  forces  the 
acid  up  into  B,  and  the  evolution  of  the  gas  ceases. 

(ii)  It  may  also  be  prepared  by  the  action  of 
hydrochloric  acid  on  the  native  sulphide  of  antimony. 
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Sb,S3  + 6HC1  = 2SbCl3  + SHgS 

Antimony  Hydrochloric  Antimony  Sulphuretted 

sulphide.  acid.  chloride.  hydrogen. 

(iii)  Pure  sulphuretted  hydrogen,  such  as  should 
be  employed  in  toxicological  inquiries,  may  be 
obtained  by  a method  suggested  by  Divers  : ordinary 
HoS  is  passed  into  water  containing  magnesium 
hydrate  in  suspension.  The  hydrate  is  converted 
into  hydrosulphide  (Mg(HS)2)  which  dissolves;  the 
clear  fluid  is  poured  into  a flask  furnished  with  a 
cork  and  delivery  tube  ; on  warming  to  60 — 65°  pure 
hydrogen  sulphide  is  evolved. 

(iv)  Another  plan  is  to  treat  aluminium  sulphide 
with  water. 

AI3S3  + 6H2O  = SHgS  + Al2(HO)g 

Aluminium  Watei’.  Hydrogen  Aluminium 

sulphide.  sulphide.  hydrate. 

(v)  Sulphuretted  hydrogen  can  be  obtained  in 
small  quantities  by  direct  union  of  its  elements,  as 
when  hydrogen  is  passed  over  heated  sulphur. 

Properties. — The  specific  gravity  of  sulphuretted 
hydrogen  is  17,  and  it  is  somewhat  heavier  than  air; 
it  is  a combustible  gas,  burning  with  a pale  blue 
flame,  and  producing  sulphur  dioxide  and  water;  it 
is  not  a supporter  of  combustion.  Sulphuretted 
hydrogen  is  a colourless  gas,  but  possesses  a peculiar 
and  very  disagreeable  odour,  similar  to  that  of  rotten 
eggs,  and  a sweetish  unpleasant  taste.  Water  at 
ordinary  temperatures  dissolves  about  three  times  its 
volume  of  the  gas ; but  if  the  solution  is  kept  in  a 
bottle  half  full  of  air,  the  sulphuretted  hydrogen  is 
gradually  decomposed  by  the  oxygen  of  the  air, 
sulphur  becoming  deposited  (2H2S  + Og  = SHgO  + 83). 
A little  glycerin  added  to  the  water  tends  to  preserve 
the  strength  of  the  solution.  Sulphuretted  hydrogen 
is  a poisonous  gas ; it  can  be  liquefied  by  a pressure 
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of  17  atmospheres  at  10°.  In  a high  state  of  dilution 
sulphuretted  hydrogen  is  contained  in  some  mineral 
waters  used  for  medicinal  purposes,  e.g.  those  of 
Harrogate  and  Aix-la-Chapelle  \ it  is  also  evolved 
during  the  putrefactive  decomposition  of  animal 
matter,  eggs,  etc. 

The  slow  blackening  of  oil-paintings  is  due  to  the 
conversion  of  the  white  lead  of  the  paint  into  the 
black  sulphide  of  lead  by  slight  traces  of  sulphuretted 
hydrogen  in  the  air,  these  traces  being  derived  partly 
from  coal-gas  and  partly  from  minute  quantities 
evolved  from  the  human  body.  If  chlorine  is  brought 
in  contact  with  sulphuretted  hydrogen,  the  disagree- 
able smell  of  the  latter  immediately  disappears,  owing 
to  the  decomposition  of  the  gas  by  the  chlorine,  with 
liberation  of  sulphur  (2H2S  -f  2CI2  = 4HC1  -f  S.,). 
As  most  of  the  metallic  sulphides  are  insoluble  in 
water,  sulphuretted  hydrogen  precipitates  many  of 
the  metals  from  solutions  of  their  salts,  and  hence  is 
of  great  use  in  the  separation  of  many  of  the  metals 
for  analytical  purposes.  The  following  equations 
show  the  action  of  sulphuretted  hydrogen  on  some 
of  the  metallic  salts  : — 


HgCl2 

]Mercuric 

chloride. 


-f  H2S  =:  HgS  H-  2HC1 

Sulphuretted  Mercuric  Hydrochloric 
hydrogen.  sulphide.  acid. 


CuSO^ 

Copi^er 

sulphate. 


HoS  = CuS  -p 

M * 

Sulphuretted  Copper 

hydrogen.  sulphide. 


Sulphuric 

acid. 


Pb(aH30„)2 

Lead 

acetate. 


+ HjS  = PbS  + 

Sulphuretted  Lead 

hydrogen.  sulphide. 


2HC2H3O3 

Acetic 

acid. 


2Bi(N03>3 

Bismuth 

nitrate. 


-|-  3II2S  — 331283  -}- 

Sulphuretted  Bisnnitii 

hydrogen.  sulphide 


6HNO3 

Nitric 

acid. 
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Arsenious  Sulphuretted  Arsenious 


Arsenious 

sulphide. 


+ 6H„0 

Water. 


acid.  hydrogen. 


Sulphuretted  hydrogen  is  a powerful  reducinc/ 
agent,  it  reduces  ferric  salts  to  ferrous  salts,  acid 
solution  of  potassium  bichromate  to  green  chromium 
salts,  etc. ; in  all  such  reactions  sulphur  is  precipitated. 

Test.  -Apart  from  its  odour,  which  is  very 
characteristic,  sulphuretted  hydrogen  may  be  detected 
by  Its  blackening  a piece  of  filter-paper  that  has  been 
dipped  in  a solution  of  lead  acetate  ; the  darkenino- 
IS  due  to  the  formation  of  the  black  sulphide  of  lead."^ 

HYDROGEN  PERSULPHIDE. 


/TJ  analogous  to  hydrogen  peroxide 

(MgOg)  m its  composition.  It  may  be  obtained  by 
pouring  a solution  of  potassium  pentasulphide  (K..,S  ) 
into  strong  hydrochloric  acid,  when,  in  addition  to 
the  liberation  of  sulphuretted  hydrogen  and  sulphur 
a heavy  oily  liquid  sinks  to  the  bottom,  which  is  the 
pei^ulphide  of  hydrogen  in  a somewhat  impure  con- 
dition. It  IS  a very  unstable  body,  readily  decoim 
posing  into  sulphuretted  hydrogen  and  sulphur. 

THIOSULPHURIC  ACID. 


Formula,  HgSg. 


Formula,  HgS^Og. 

This  acid  is  not  known  in  the  free  state,  but  onlv 
its  salts,  of  wlnVL  fliQ  i • 


202 


Chemistry, 


[Part  II. 


2Na„S03  + Sj  = 2Na,S203 

Sodium  Sulphur.  Sodium 

sulphite.  thiosulphate. 

(ii)  If  sulphur  dioxide  be  passed  into  calcium 
sulphide  (the  alkali-waste  obtained  in  the  manufacture 
of  sodium  carbonate),  it  is  partly  converted  into 
calcium  thiosulphate  (CaSgOg),  which  by  treatment 
with  sodium  carbonate  yields  the  soluble  sodium  thio- 
sulphate and  the  insoluble  calcium  carbonate. 

CaS20g  “h  Na^COg  = NagS203  CaCOg 

Calcium  Sodium  Sodium  Calcium 

thiosulphate.  carbonate.  thiosulphate.  carbonate. 

Properties. — Sodium  thiosulphate  is  so  named 
because  it  is  regarded  as  sodium  sulphate  (NagSO^) 
from  which  one  atom  of  oxygen  is  withdrawn  and 
an  atom  of  sulphur  (de7oy,  sulphur)  substituted  for  it. 
It  is  largely  employed  (under  the  commercial  name 
of  hyposulphite  of  soda)  in  photography,  on  account 
of  the  property  that  it  possesses  of  dissolving  the 
bromide,  iodide,  and  chloride  of  silver,  provided  these 
compounds  have  not  been  changed  by  the  action  of 
light ; a sensitive  photographic  plate  is  covered  with 
a thin  layer  of  one  or  more  of  these  silver  compounds, 
which  becomes  decomposed  on  those  parts  only  on 
which  the  light  has  fallen ; after  developing  the 
picture,  the  silver  salt  that  remains  unchanged  is 
removed  by  immersing  the  plate  in  a solution  of 
hyposulphite  of  soda;  this  is  called  “fixing’’  the 
photograph,  it  depen-ds  upon  the  formation  of  a 
double  salt  of  sodium  and  silver,  Ag2Na.^(SoOg)g,  which 
is  soluble  in  water. 

Test. — If  to  a solution  of  sodium  thiosulphate 
some  hydrochloric  acid  be  added,  the  smell  of  sulphur 
dioxide  is  evolved,  and  sulphur  is  precipitated  after 
the  solution  has  stood  for  a short  time.  This  reaction 
is  due  to  the  liberation  of  thiosulphuric  acid,  which, 
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being  extremely  unstable,  is  quickly  decomposed  into 
sulphurous  acid  and  sulphur,  the  former  evolving 
sulphur  dioxide,  which  is  known  by  its  odour. 

Na^SoOg  + 2HC1  = -f  2NaCl 

Hydrochloric  Thiosulphuric  Sodiiwn 

thiosulphate.  acid.  acid.  chloride. 

2H2SJO3  = 2H2SO3  + s„ 

Thiosulphuric  Sulphurous  Sulphur, 

acid.  acid. 

COMPOUNDS  OF  SULPHUR  AND 
CHLORINE. 

The  three  following  chlorides  of  sulphur  exist ; 
they  are  all  prepared  by  direct  union  of  sulphur  and 
chlorine : — 

S2CI2  Disulphur  dichloride. 

SCI2  Sulphur  dichloride. 

SCI4  Sulphur  tetrachloride. 

The  first  of  these  is  a clear  yellow  liquid,  its 
vapour  attacks  the  eyes ; it  is  an  excellent  solvent 
for  sulphur. 
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CHAPTER  I. 


CLASSIFICATION  OP  THE  ELEMENTS. 

Occurrence  of  Metals  in  Nature— General  Remarks  on  the  Pre- 
paration of  Metals  and  their  Compounds. 


It  has  already  been  noticed  that  the  non-metallic 
elements  seem  to  arrange  themselves  in  groups  or 
families.  Thus,  the  halogens  obviously  form  a group 
of  closely  related  elements,  and  it  is  found  that  in 
such  a group  there  is  a more  or  less  regular  increase 
in  the  atomic  weights ; thus,  the  atomic  weight  of 
bromine  (80)  is  nearly  the  mean  between  the  atomic 


weights  of  chlorine  and  iodine 
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In  a similar  way  the  elements  carbon  and  silicon, 
oxygen  and  sulphur,  nitrogen  and  phosphorus  are 
related.  Again,  in  the  metals  we  have  the  group 
lithium,  sodium,  and  potassium  ; the  continuation  of 
the  nitrogen  family,  arsenic,  antimony  and  bismuth, 
etc. 

In  1864  John  Newlands  pointed  out  that,  if  the 
elements  were  arranged  in  the  numerical  order  of 
their  atomic  weights,  there  was  a recurrence  of 
similar  chemical  and  physical  characters  at  every 
eighth  element  (“The  Law  of  Octaves”);  t-hus 
(neglecting  hydrogen)  : 
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Ijithium  atomic  we 
Beryllium 
Boron 
Carbon 
Nitrogen 
Oxygen 
Fluorine 

Some  five  years  afterwards  this  idea  was  worked 
out  more  fully  by  Mendelejefi;  who  published  a table 
or  the  elements  arranged  according  to  his  “ Periodic 
Paw,’  as  represented  on  p.  206. 

The  following  points  should  be  noticed  fi)  After 
the  first  two  octaves  (lithium  to  chlorine)  the  re- 
semblance IS  most  marked  between  alternate  rather 
hau  between  consecutive  octaves ; thus,  taking  the 
second  vertical  column,  magnesium,  zinc,  and  cadmium 
form  a natural  group,  and  the  other  alternate  octaves 
calcium,  strontium,  and  barium,  form  a second  natural 
group.  (ii)  After  manganese  a triplet  of  metals 
occurs,  iron,  nickel,  and  cobalt,  forming  a sort  of 
supplementary  eighth  vertical  column;  the  other 
triplets  are  ruthenium,  rhodium,  and  palladium,  and 
osmium,  indium,  and  platinum.  The  atomic  weights 

u together,  thus,  Fe  56, 

Co  59,  Ni  59.  All  these  metals  have  high  melting 
points,  (ill)  The  valency  of  the  elements  (speaking 
broadly)  may  be  said  to  increase  as  we  pass  from  the 
first  to  the  seventh  column ; thus,  sodium  is  a monad 
magnesium  a dyad,  aluminium  a triad,  carbon  a 
tetrad,  nitrogen  a pentad,  sulphur  a hexad,  man- 
ganese a heptad ; the  same  fact  is  indicated  by  the 
formula  of  the  oxides  at  the  top  of  the  table.  On  the 
other  ha.nd,  the  compounds  with  hydrogen  show  a 
dimmushing  number  of  atoms  of  liydr^en  in  the 

rnrOHrcTH.""'  right-thus,  CH„ 

Besides  the  great  theoretical  interest  of  this 


Elements  arkanged  in  “ Periods  ” (Newlands  and  Mendelejeff). 
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classification,  which  is  obviously  closely  connected 
with  some  property  of  the  molecules  still  unknown 
to  us,  it  is  of  practical  use  in  several  ways. 

(i)  As  a check  on  the  atomic  weights ; thus, 
tellurium  is  an  element  which  closely  resembles 
selenium  and  sulphur,  its  old  atomic  weight  was  128, 
which  would  place  it  after  iodine  in  a group  to  which 
it  was  obviously  not  related ; recent  determinations 
have  reduced  the  number  to  127,  and  it  seems 
extremely  probable  that  it  has  not  yet  been  obtained 
perfectly  pure.  Again,  the  equivalent  weight  of 
indium  is  38,  and  its  atomic  weight  was  at  one  time 
believed  to  be  38  x 2 = 76,  but  as  there  is  no 
space  for  an  element  between  arsenic  and  selenium 
it  was  suggested  that  its  atomic  weight  was 
38  X 3 = 114,  which  would  place  it  in  the  column 
under  aluminium.  This  number  was  afterwards  con- 
firmed by  a determination  of  its  specific  heat. 

(ii)  It  enables  us  to  prophesy  the  existence  and 
properties,  physical  and  chemical,  of  undiscovered 
elements;  thus,  in  columns  III.  and  IV.,  when  the 
table  was  first  published  the  elements  gallium  (Ga) 
and  germanium  (Ge)  were  unknown,  but  by  com- 
paring the  properties  of  aluminium  and  indium  in 
the  one  case,  and  of  silicon  and  tin  in  the  other,  an 
accurate  forecast  of  all  the  chief  properties  of  these 
elements  was  made,  which  was  completely  verified 
when  the  elements  were  isolated. 

The  recently  discovered  elements  : argon,  helium, 
neon,  krypton,  find  their  places  in  the  eighth  column ; 
whilst  radium  ends  the  second  column. 

A typical  metal  such  as  silver  or  iron  has  the 
following  properties.  Its  surface,  by  polishing, 
acquires  what  is  well  known  as  the  metallic  lustre  ; 
it  is  a good  conductor  of  heat  and  electricity,  it  is 
opaque  to  light,  very  malleable,  and  its  oxide  forms 
a base.  Some  exceptions  to  these  properties  are — • 
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gold-leaf,  which  allows  a greenish  light  to  pass;  some 
metals,  as  antimony  and  bismuth,  are  not  malleable, 
but  are  very  brittle  ; the  higher  oxides  of  some  of 
the  metals  form  acids,  as  manganic  acid  (HoMnO^), 
chromic  acid  (HgCrOJ,  etc.  The  element  arsenic  has 
23roperties  almost  exactly  half-way  between  those  of 
a metal  and  a non-metal  In  specific  gravity  the 
metals  vary  from  platinum  (sp.  gr.  2 1-5)"  to  lithium 
(sp.  gr.  0’59);  in  fusibility,  from  platinum  melting  at 
1500°,  to  mercury,  which  solidifies  at  —38-8°. 

The  molecules  of  zinc,  mercury,  and  cadmium 
contain  but  one  atom.  By  Raoul t’s  method  of  the 
depression  of  the  freezing  point  (described  in  tlie 
Organic  Part),  using  melted  tin  as  a solvent,  it  has 
been  sliown  that  the  molecules  of  nickel,  silver,  copper, 
magnesium,  lead,  bismuth,  and  calcium  are  mon- 
atomic, while  that  of  aluminium  contains  two  atoms 
(Ak). 

Some  metals— gold,  platinum,  bismuth,  copper, 
silver — are  found  native  in  the  earth’s  crust,  but 
most  occur  as  oxides,  sulphides,  carbonates,  silicates, 
or  chlorides.  The  first  step,  in  order  to  obtain  the 
metal  from  the  ore  (after  purifying  the  latter  by 
mechanical  means,  washing,  etc.),  is  to  “roast”  it — 
i.e.  to  heat  it  to  a red  heat  with  free  access  of  air. 
This  roasting  drives  off  water,  carbon  dioxide,  arsenic, 
sulphur,  etc.,  and  usually  leaves  the  ore  as  oxide. 

PbS  + 30  = PbO  -h  SO. 

Lead  Oxygen.  Lead  Sulphur 

sulphide.  oxide.  dioxide. 

The  reduction  to  the  metallic  state  is  usually 
effected  by  heating  with  carbon. 

PbO  P C = Pb  -f  CO 

Lead  Carbon.  T.ead.  Carbon 

monoxide, 
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The  oxides  of  two  metals  cannot  be  reduced  by 
carbon ; these  are  magnesium  oxide  and  aluminium 
oxide.  In  this  case  either  the  electric  furnace  must 
be  used,  or  the  oxide  is  converted  into  chloride  and 
the  latter  decomposed  by  sodium. 

AICI3  + 3Na  ==  3NaCl  + A1 

Aluminium  Sodium.  Sodium  Aluminium. 

chloride.  chloride. 

Oxides  can  be  prepared  (i)  by  heating  the  metal 

in  air ; thus,  zinc  oxide,  tin  oxide,  magnesium  oxide, 
lead  oxide,  etc.,  can  be  formed.  (ii)  By  heating 
various  salts,  when  the  acid  radicle  is  decomposed 
and  volatilised ; thus,  by  heating  barium  nitrate, 
calcium  carbonate,  aluminium  sulphate,  the  respective 
oxides  will  be  produced. 

Hydrates  or  hydroxides,  when  insoluble,  are 
usually  obtained  by  precipitating  a solution  of  a salt 
with  ammonium  or  potassium  hydrate. 

Sulphides  can  be  obtained  (i)  by  fusing  the 
metal  with  sulphur  ; (ii)  by  reducing  the  sulphate  of 
the  metal  by  heating  it  with  carbon  ; (hi)  by  passing 
hydrogen  sulphide  (HoS)  through  a solution  of  the 
metal. 

Salts. — In  most  cases  a salt  can  be  prepared  by 
dissolving  the  carbonate  of  the  metal  in  the  proper 
acid,  filtering  or  decanting  the  solution  and  evapo- 
rating to  the  point  of  crystallisation ; thus,  to  obtain 
calcium  chloride,  dissolve  calcium  carbonate  in  hydro- 
chloric acid,  decant  the  clear  fluid  and  evaporate. 

CaCOg  + 2HC1  = CaClo  + COg  -f  11,0 

Calciiim  Hydrocliloric  Calcium  Carlirm  Water, 

carbonate.  acid.  chloride.  dioxide. 


The  above  method  fails  when  the  salt  is  insoluble  ; 
the  salt  is  then  prepared  by  precipitation ; thus,  lead 
suljihate  is  formed  by  adding  dilute  sulphuric  acid  to 
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a solution  of  lead  nitrate,  when  the  sul}>hate  falls  as  a 
white  precipitate,  which  can  be  filtered  off,  washed, 
and  dried. 

All  nitrates  and  chlorates  are  soluble  in  water 
(bismuth  nitrate  does  not  usually  give  a clear 
solution). 

All  chlorides  are  soluble  in  water  except  silver, 
mercurous,  cuprous,  and  lead  chlorides. 

All  sulphates  are  soluble  in  water  except  lead, 
barium,  strontium,  and  calcium  sulphates  (the  latter 
is  slightly  soluble). 

Most  carbonates  and  phosphates  (except  those  of 
sodium,  potassium,  and  ammonium)  are  insoluble  in 
water,  and  can  be  prepared  by  precipitating  the  solu- 
tions of  the  respective  chlorides  with  ammonium  or 
sodium  carbonate.  The  soluble  carbonates  of  sodium 
potassium  and  ammonium  may  be  obtained  by  passing 
carbon  dioxide  through  a solution  of  the  respective 
hydrates,  or  by  the  special  methods  given  hereafter. 
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CHAPTER  IT. 

POTASSIUM SODIUM — LITHIUM. 


Potassium — Natural  ComiDounds  of  Potassium — Preparation  and 
Pi’operties  of  the  Metal  Potassium — Preparation  of  the 
Potassium  Salts — Sodium — Natural  Compounds  of  Sodium — 
Preparation  and  Properties  of  the  Metal  Sodium— Preparation 
of  the  Sodium  Salts— Leblanc  Process — Ammonia-Soda  Process 
— Test  for  Sodium — Lithium — Natural  Compounds  of  Lithium 
—Preparation  and  Properties  of  the  Metal  Lithium — Prepara- 
tion of  the  Lithium  Salts — Test  for  Lithium. 


POTASSIUM. 

Symbol,  K ; monad ; atomic  weight,  39. 

Natural  compounds  of  potassiuin 

(i)  Potash  felsjjav  (a  double  silicate  of  aluminium 
and  potassium)  in  granite  rocks  is  the  original  source 
of  the  potassium  salts.  Plants  possess  the  property 
of  separating  and  assimilating  the  potash  from  rocks 
and  soils,  storing  it  up  in  their  tissues  in  the  form  of 
potassium  salts  of  organic  acids  (tartrate,  citrate, 
malate,  etc.).  On  burning  the  wood  of  plants  these 
organic  salts  are  converted  by  the  heat  into  the  car- 
bonate of  potassium,  which  in  a somewhat  impure 
condition  constitutes  wood-ash  or  'peavl-ash,  from 
which  the  carbonate  of  potassium  is  extracted  by 
water,  (ii)  Saltpetre  or  nitre  is  native  nitrate  of 
potassium  {see  page  114).  (iii)  Carnallite  is  a double 
cliloride  of  potassium  and  magnesium  found  in 
Stassfurt,  in  Germany.  (iv)  Argol  is  the  crude 
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acid  tartrate  of  potassium,  or  cream  of  tartar 
(KHC^H^Og),  found  as  a deposit  in  wine  casks. 
Acid^  tartrate  of  potassium  is  originally  present  in 
solution  in  the  juice  of  the  grape  ; and  when  this 
undergoes  fermentation  in  the  preparation  of  wine, 
the  grape  sugar  becomes  converted  into  alcohol,  the 
latter  throwing  the  acid  tartrate  of  potassium  (which 
is  insoluble  in  alcohol)  out  of  solution.  The  acid 
tartrate,  carrying  down  with  it  some  of  the  colouring 
matter  of  the  grape,  constitutes  the  deposit  known  as 
argol. 

Prepan’atioii  of  tlie  metal  potassiiiiii. — 

This  metal  is  obtained  by  distilling  potassium  car- 
bonate with  charcoal,  or  a mixture  of  finely  divided 
iron  and  charcoal  with  potassium  hydrate  (Castner’s 
process). 

K2CO3  + 2C  = 2K  -f  SCO 

Potassium  Charcoal.  Potassium.  Carbon 

carbonate.  monoxide., 

Properties  of  the  metal.  — Potassium  is  a 

metal  of  a white  colour  and  possesses  a bright  lustre 
when  a piece  of  it  is  freshly  cut,  the  cut  surface 
rapidly  tarnishing,  however,  owing  to  the  action 
on  it  of  the  oxygen  of  the  air,  which  forms  a film  of 
potassium  oxide  ; on  account  of  this  strong  affinity  of 
potassium  for  oxygen,  the  metal  has  to  be  kept 
immersed  in  mineral  naphtha,  a liquid  free  from  oxy- 
gen, otherwise,  if  potassium  be  kept  exposed  to  the 
air,  it  is  soon  completely  converted  into  potassium 
oxide  (K^O).  The  specific  gravity  of  potassium  is 
*875;  it  therefore  floats  when  thrown  on  the  surface 
of  water  • at  the  same  time  it  energetically  decom- 
poses the  water.  Sufficient  heat  is  produced  to  ignite 
the  escaping  hydrogen,  which,  from  the  presence  of  a 
little  potassium  in  it,  burns  with  a lavender-coloured 
flame. 
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2K  4.  2H3O 

Potassium.  Water. 


2KHO  + H, 

Potassium  Hydro;ren, 

hydrate. 


On  sulphuric  and  liydrochlorio  acids  potassium 
acts  with  explosive  violence,  forming  respectively 
potassium  sulphate  and  chloride,  and  liberating  the 
iiydrogen.  It  also  forms  an  explosive  compound  with 
carbon  monoxide  Kol'CO);,. 

or  caustic  potash 

(KHO).— Prepared  by  boiling  together  potassium 
carbonate,  slaked  lime,  and  water,  filtering  from  the 
insoluble  calcium  carbonate  produced  and  evaporating 


KoCOg  + 

Potassium 

carbouate. 


Ca(HO), 

.Slaked 

lime. 


2KHO  + CaCOg 

Potassium  Calcium 

hydroxide.  carbouate. 


Potassium  Salts. 


Potassium  carbonate.^A  pure  form  of  this 
salt  can  be  prepared  by  igniting  cream  of  tartar  and 
extracting  with  water. 

Potassium  bicarbouate  (KHCO,,). Pre- 

pared by  passing  a stream  of  carbon  dioxide  throimh 
a cold  saturated  solution  of  potassium  carbonate.  ^ 


+ CO2  -f 

Potassium  Carbon 

carbonale.  dioxide. 


HP 

Water. 


2KHCOg 

Potassium 

bicarbonate. 


The  potassium  bicarbonate,  being  less  soluble  tlian 
the  carbonate,  crystallises  out  as  it  is  formed.  If 
01  mg  water  be  added  to  potassium  bicarbonate,  it  is 
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resolved  into  the  carbonate,  with  evolution  of  carbon 
dioxide. 

2KHCO3  = K2CO3  + COo  4-  H,0 

Potassium  Potassiuin  Carbon  Water, 

bicarbonate.  carbonate,  dioxide. 


It  should  not,  on  this  account,  be  dissolved  in  hot 
water. 

Potassium  acetate  (KC2H3O2).— Prepared  by 
neutralising  acetic  acid  with  potassium  carbonate. 


K2CO3  + 

Potassium 

carbonate. 


2HC2H3O2 

Acetic  acid, 

CO2  + 

Carbon 

dioxide. 


=:  2KC2H3O2 

Potassium 

acetate. 


HoO 

Water. 


Potassium  tartrate  (2K2C^4®^406  + HoO). — 
Prepared  by  neutralising  potassium  acid  tartrate 
(cream  of  tartar),  dissolved  in  boiling  water,  with 
potassium  carbonate. 

K2CO3  + 2KHC4H4O6  = + 

Potassium  Potassium  Potassium 

carbonate.  acid  tartrate.  tartrate. 

CO2  + H2O 

Carbon  Water. 

dioxide. 

Potassium  citrate  (K3CgHjj07  -f  HoO). — Pre- 
pared by  neutralising  a solution  of  citric  acid  with 
potassium  carbonate. 

3K2CO3  -f  2H3CgH,P7  = 2K3CgH.07  -f 

Potassium  Citric  acid.  Potassium 

carbonate.  citrate. 

3CO2  + 3HoO 

Carbon  Water. 

dioy.ide 
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Potassium  citrate  is  also  prepared  by  the  action 
of  citric  acid  on  potassium  bicarbonate. 

Potassium  siilpliate  (KoSO^).— Prepared  by 
neutralising  sulphuric  acid  with  potassium  carbonate. 


K0CO3  + HoSO^  KoSO^  + COo  + HgO 

Potassium  Sulphuric  Potassium  Carbon  Water, 

carbonate.  acid.  sulphate.  dioxide. 


Also  obtained  as  a bye-product  in  the  j^popuration 
of  nitric  acid  from  potassium  nitrate  and  sulphuric 
acid. 


2KNO3  + HoSO^  = K2SO4  -f  2H2^03 

Potassium  Sulphuric  Potassium  Nitric 

nitrate.  acid.  sulphate.  acid. 

Potassium  nitrate  (KNO3).— Found  in  nature 
as  nitre  or  saltpetre.  It  may  be  prepared  by  neutral- 
ising nitric  acid  with  potassium  carbonate.  This  salt 
is  largely  employed  in  the  manufacture  of  gunpowder, 
which  is  a mixture  of  charcoal,  sulphur,  and  nitre; 
when  the  gunpowder  is  fired,  the  oxygen  of  the  nitre 
converts  the  charcoal  into  the  two  gaseous  oxides  of 
carbon,  carbon  monoxide  and  dioxide,  the  nitrogen  of 
the  nitre  is  set  free,  and  the  sulphur  unites  with  the 
potassium  of  the  nitre  to  form  potassium  sulphide, 
which,  blown  into  the  air  in  minute  particles,  con- 
stitutes the  smoke.  This  may  be  roughly  represented 
by  the  equation  : 

2KNO3  + S -f  3C  = K,S  -f- 

Nitre.  Sulphur.  Charcoal.  Potassium 

sulphide. 

2N  + 3CO2 

Nitrogen.  Carbon 

dioxide. 

The  explosive  violence  is  due  to  the  sudden 
expansion  of  the  large  volume  of  the  heated  gases 
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produced.  The  temperature  produced  is  very  hio-h— 
2200°. 

^ Potassium  nitrite  (KNO,).  — If  potassium 
nitrate  be  heated  to  redness  for  some  time,  it  loses 
one-third  of  its  oxygen,  and  potassium  nitrite  is 
formed. 

Potassium  cliloricle  (KCl)  occurs  in  nature 
as  carncillite  / it  can  be  prepared  by  neutralising 
hydrochloric  acid  with  potassium  carbonate. 

Potassium  iodide  (KI).— This  important  salt 
is  prepared  (i)  by  saturating  a hot  solution  of  caustic 
potash  with  iodine,  by  which  means  potassium  iodide 
and  iodate  are  obtained  in  solution. 

6KHO  + SIg  = SKI  + KIO3  -f  3HoO 

Potassium  Iodine.  Potassium  Potassium  Water 

liydrate.  iodide.  iodate. 

(ii)  The  solution  is  then  evaporated  to  dryness, 
and  the  residue  mixed  with  charcoal  and  heated, 
so  as  to  convert  the  iodate  into  iodide;  the  carbon 
abstracting  the  oxygen  from  the  iodate,  and  so  re- 
ducing it  to  the  iodide. 

2KIO3  + GC  = 2KI  + 6CO 

Potassium  Carbon.  Potassium  Carbon 

iodate.  iodide.  monoxide. 

(iii)  The  melted  mass  on  cooling  is  boiled  with 
water,  the  solution  of  potassium  iodide  is  filtered  from 
excess  of  charcoal,  evaporated  to  a low  bulk,  and  set 
aside  to  crystallise.  It  is  very  important  that  the 
iodate  of  potassium  should  be  completely  converted 
into  iodide,  as  any  acid  possesses  the  property  of 
liberating  iodine  from  a mixture  of  the  two  salts  ; 
and  since  iodide  of  potassium  is  frequently  administered 
in  medicine  in  very  large  dose.s,  if  it  contained  iodate 
the  hydrochloric  acid  of  tlie  gastric  juice  would  liberate 
iodine  from  the  two  salts  witliin  the  stomach,  and  so 
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tlie  iodine  might  be  set  free  in  poisonous  quantities. 
The  hydrochloric  acid  of  the  gastric  juice  would  first 
liberate  from  the  iodide  and  iodate  hydriodic  and 
iodic  acids  respectively. 


SKI  + KIO3 

Potash;  um  Potassium 

iodide.  iodate. 


+ 6HC1  = 

Hydrocliloric 

acid. 


HIO3  + 6KC1 

Iodic  Potassium 

acid.  chloride. 


SHI  + 

Hydriodic 

acid. 


These  two  acids  would  then  by  their  action  on 
one  another  produce  free  iodine  and  water. 

SHI  + HIO3  = 3I2  + 3HoO 

Hydriodic  Iodic  Iodine.  Water, 

acid.  acid. 


B^otassiuni  bromide  (KBr).  — This  salt  is 
prepared  in  a similar  manner  to  the  iodide,  with  the 
substitution  of  bromine  for  iodine. 

Potassium  maiig:anate(K2MnOJ.— Prepared 
by  fusing  together  in  a crucible  caustic  potash,  potas- 
sium chlorate  and  manganese  dioxide,  and  extracting 
the  mass  with  cold  water,  when  a green  - coloured 
solution  of  potassium  manganate  is  obtained. 


6KHO  + KCIO3  + SMnO,  = 3K„MnO,  -p 

Potassinra  Potassium  Manganese  Potassium 

nydiate.  chlorate.  dioxide.  manganate. 

KCl  + SHgO 

Potassium  Water, 

chloride. 


On  the  large  scale  the  chlorate  of  potash  is  omitted, 
and  the  oxygen  obtained  directly  from  the  air. 


MnOo 

Manganese 

dioxide. 


2KHO 

Potassium 

hydrate. 


+ O = 

Oxygen. 


KgMllO^ 

Potassium 

manganate. 


+ H2O 

Water. 
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This  solution  of  potassium  manganate  is  used  as  a 
disinfectant  under  the  name  of  Condy’s  green  Jluid ; 
it  acts  partly  as  a germicide,  and  partly  by  the  readi- 
ness with  which  it  oxidises  organic  substances.  It  is 
not  employed  so  much  as  the  permanganate,  which  is 
a better  and  more  powerful  disinfectant. 

Potassium  perinaiig^anate  (KMnO^). — This 
salt  is  also  known  as  the  red  manganate  of  jyotash^ 
and  as  a disinfectant  is  largely  used  under  the  name 
of  Condfs  red  fluid.  It  is  obtained  from  the  man- 
ganate by  the  abstraction  of  one-half  of  the  potassium, 
which  can  be  effected  either  by  boiling  the  solution  of 
the  green  manganate,  or  by  passing  a stream  of  carbon 
dioxide  or  chlorine  through  it.  One-half  of  the  potas- 
sium is  removed  respectively  as  potassium  hydrate, 
carbonate  or  chloride,  some  manganese  dioxide  being 
precipitated. 

SKoMnO^ 

Potassium 
manganate. 


3K2M11O4 

Potassium 

manganate. 


+ 2II20 

= 2KM11O4 

Water. 

Potassium 

permanganate. 

4KHO  H- 

MnOg 

Potassium 

Manganese 

hydrate. 

dioxide. 

+ 2CO3 

= 2KMnO^ 

Carbon 

Potassium 

dioxide. 

permanganate. 

2K2CO3  -f 

Mn02 

Potassium 

Manganese 

carbonate. 

dioxide. 

+ 


By  evaporating  the  deep  red  solution  to  a low 
bulk  and  allowing  it  to  cool,  potassium  permanganate 
separates  in  long,  dark-red,  almost  black,  needles, 
with  somewhat  of  a metallic  lustre.  Potassium  per- 
manganate is  one  of  the  most  powerful  oxidising 
agents  known,  and  is  also  a powerful  disinfectant ; 
as  a disinfectant  it  acts  in  a similar  manner  to  the 
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manganate,  partly  by  being  a powerful  germicide,  and 
partly  by  the  readiness  with  which  it  oxidises  organic 
substances ; when  it  is  being  so  employed,  the  red 
solution  loses  its  colour,  a brown  deposit  of  manganese 
dioxide  being  produced ; the  splitting  up  of  potassium 
permanganate  when  employed  as  a disinfectant  is 
shown  in  the  following  equation  : — 

4KMn04  + 2H3O  = 4MnOg  + 

Potassium  Water,  Manganese 

permanganate.  dioxide. 

4KHO  + 3O2 

Potassium  Oxygen. 

hydrate. 

On  account  of  the  staining  that  would  result  from 
the  deposition  of  the  manganese  dioxide,  a solution  of 
potassium  permanganate  should  never  be  employed 
in  the  disinfection  of  linen  or  of  articles  of  clothing. 

Sulphurated  potash. — This  preparation,  which 
is  a mixture  of  potassium  pentasulphide  (KgS^)  and 
potassium  sulphate  (KgSO^),  is  obtained  by  fusing 
together  potassium  carbonate  and  sulphur.  It  is  an 
unstable  preparation  and  was  formerly  known  as 
liver  of  sulphur. 

Potassium  chlorate.  {See  page  138.) 
Potassium  cyanide,  eyanate,  ferrocyaii- 
ide,  and  ferricyanide — These  salts  will  be  de- 
scribed in  the  Organic  Chemistry  Section,  Chapter  III. 

Tests  for  Potassium. 

(i)  If  a potassium  salt,  or  a solution  of  a potassium 
salt,  be  introduced  on  a loop  of  platinum  wire  into  a 
Bunsen  flame,  a characteristic  laveiider  tint  will  be 
imparted  to  the  flame.  If  a sodium  salt  be  also 
present,  the  yellow  colour  imparted  by  the  sodium  to 
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the  flame  will  entirely  mask  the  lavender  tint  produced 
by  the  potassium  salt ; but  if  such  a flame  be  viewed 
through  a piece  of  dark-blue  glass,  the  yellow  sodium 
rays  will  be  absorbed  by  the  blue  of  the  glass,  while 
the  lavender-coloured  rays  produced  by  the  potassium 
salt  will  pass  through  the  glass  unchanged. 

(ii)  If  a solution  of  a potassium  salt  contained 
in  a watch-glass  be  acidulated  with  hydrochloric 
acid,  a few  drops  of  platinic  chloride  added,  and 
the  mixture  well  stirred  with  a glass  rod,  a yellow 
crystalline  deposit  of  the  double  platinum  and  potas- 
sium chloride  (PtCl4,2KCl)  will  be  formed.  A 
similar  reaction  is  also  produced  with  ammonium 
salts. 

(iii)  If  to  a concentrated  solution  of  a potassium 
salt  a strong  solution  of  tartaric  acid  be  added,  and 
the  mixture  then  be  well  shaken  or  stirred,  a white 
granular  or  crystalline  precipitate  of  potassium  acid 
tartrate  (KHC^H^Og)  will  be  formed. 

SODIUM. 

Symbol,  Na  ; monad  ; atomic  weight,  23. 

IVatiiral  compoiiiids  of  sodium. — (i)  Sodium 
chloride  is  the  principal  sodium  compound  occurring 
in.  nature  ; in  the  solid  form  it  occurs  as  common  salt, 
or  rock-salt ; in  solution  it  is  present  in  large  quan- 
tities in  sea- water,  (ii)  Sodium  nitrate,  known  as 
cubic  nitre  or  Chili  saltjietre,  occurs  in  immense  quan- 
tities in  South  America.  (iii)  Just  as  potassium 
salts  are  present  in  land  plants,  and  leave  the  car- 
bonate when  the  plants  are  burnt,  so  sodium  .salts 
are  present  in  sea-weeds,  and  are  left  as  sodium  car- 
bonate when  sea-weeds  are  burnt  (see  page  IIS'),  (iv) 
Cryolite  is  a double  aluminium  and  sodium  fluoride 
(AlF^,3NaF). 
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Preparation  of  tlie  metal  sodium.— This 
metal  is  prepared  hy  a process  similar  to  that  em^ 
ployed  in  the  preparation  of  potassium,  viz.  by 
distilling  sodium  carbonate  with  charcoal,  or  a mix- 
ture of  finely-divided  iron  and  charcoal  with  sodium 
hjdrate. 


NaoCOg 

Sodium 

carbonate. 


+ 2C  =11  2Na  -f  3CO 

Carbon.  Sodium.  Carbon 

monoxide. 


Most  of  the  metallic  sodium  at  the  present  time 
is  obtained  by  decomposing,  by  means  of  a powerful 
current  of  electricity,  melted  sodium  hydrate  at  a 
temperature  of  300°,  nickel  electrodes  being  used. 

Properties  of  the  metal — Sodium  very  much 
resembles  potassium  in  many  of  its  properties.  It  is 
a metal  of  a silver-white  colour  and  possesses  a 
bright  lustre  when  freshly  cut,  the  cut  surface  rapidly 
tarnishing,  however,  owing  to  its  uniting  with  the 
of  ail*  to  form  a film  of  sodium  oxide ; 
it  is  on  account  of  this  powerful  affinity  of  sodium 
for  oxygen  that  tho  metal  has  to  be  ke]:)t  immersed  in 
mineral  naphtha,  a liquid  free  from  oxygen ; as  other- 
wise, if  kept  exposed  to  the  air,  it  would  become  com- 
pletely converted  into  sodium  oxide  (NagO).  Sodium 
has  a specific  gravity  of  -973,  and  therefore  floats 
when  thrown  on  water,  at  the  same  time  decomposing 
the  water  energetically,  forming  sodium  hydrate,  and 
liberating  one-half  of  the  hydrogen  of  the  water. 

2Na  -f  2H2O  = 2NaIIO  -f  H. 

Sodium.  Water.  Sodium  Hydrogen. 

hydrate. 

There  is  not  as  much  heat  generated  by  the  action 
of  sodium  on  water  as  by  potassium  on  water,  and 
therefore  during  the  action  of  sodium  on  water  the 
escaping  hydrogen  is  not  ignited ; but  if  the  movements 
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of  the  sodium  on  the  surface  of  the  water  be  restrained, 
as,  for  instance,  by  throwing  a piece  of  sodium  on  to 
wet  blotting-paper,  when  it  remains  fixed  in  one  spot, 
then  the  heat,  being  concentrated  at  this  one  spot,  is 
sufficiently  intense  to  ignite  the  escaping  hydrogen. 
Large  quantities  of  sodium  are  used  tor  preparing 
sodium  cyanide  (for  extracting  gold)  and  sodium  per- 
oxide (used  for  bleaching). 

Sodiiini  oxide  (Na^O). — Prepared  by  heating 
sodium  to  180°  in  the  air;  it  forms  a grey  solid. 

Sodium  peroxide  (Na^O,).  — Prepared  by 
heating  sodium  to  300°  in  excess  of  air ; it  is  a 
white  solid  and  a most  powerful  oxidising  agent. 
When  dissolved  in  hydrochloric  acid  it  forms  a solu- 
tion of  salt  and  peroxide  of  hydrogen,  which  is  much 
used  for  bleaching  straw,  etc. 

So4liiim  hydrate  or  hydroxide  (caustic  soda). 
— Prepared  by  boiling  a solution  of  sodium  carbonate 
with  solid  slaked  lime  until  the  clear  liquid  ceases  to 
effervesce ; the  liquid  is  then  evaporated  till  the 
hydrate  begins  to  volatilise,  when  it  is  poured  into 
moulds  and  cast  into  sticks.  The  reaction  should  be 
performed  in  an  iron  or  silver  dish.  The  equation  is 
quite  similar  to  that  given  under  potassium  hydrate. 

Sodium  Salts. 

Sodium  carbonate  (Na^COg). — Washing  soda 
(NagCOg  -f  IOH2O). — The  latter  substance  is  manu- 
factured on  an  enormous  scale  from  common  salt 
(NaCl).  There  are  two  methods  of  manufacturing 
sodium  carbonate  on  a large  scale,  one  known  as  the 
Leblanc  process,  the  other  and  more  recent  one  as  the 
ammonia-soda  process. 

Leblanc  process. — In  this  process  the  sodium  is 
furnished  by  common  salt  (NaCl),  and  the  carbonic 
radicle  by  chalk  or  limestone  (CaCOg).  Tlie  roasting 
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of  these  two  substances  together  would  bo  useless, 
since  even  if  sodium  carbonate  and  calcium  chloride 
were  formed,  yet  they  could  not  be  separated  from  one 
another,  for  both  being  soluble  in  water  they  would, 
on  the  addition  of  water,  react  on  one  another,  repro- 
ducing sodium  chloride  and  calcium  carbonate.  The 
object  of  the  process  is  therefore  to  finally  obtain  an 
insoluble  calcium  compound  from  which  the  sodium 
carbonate  may  be  removed  by  solution  in  water. 
This  is  effected  by  the  following  steps : 

(i)  The  sodium  chloride  is  converted  into  sodium 
sulphate  by  the  action  of  strong  sulphuric  acid. 

2NaCl  H2SO4  = Na,SO^  + 2HC1 

Sulphuric  Sodium  Hydrochloric 

cnlonde.  acid.  sulphate.  acid. 

(ii)  The  sodium  sulphate  {salt-cake)  is  then  mixed 
with  small  coal  and  crushed  limestone,  and  the  mixture 
thoroughly  heated  in  a furnace ; the  sodium  sulphate 
is  first  reduced  by  the  carbon  of  the  coal  to  sodium 
sulphide. 


iSTagSO^ 

Sodium 

sulphate. 


+ 4C 

Carbon. 


iSTaoS 

Sodium 

sulphide. 


4CO 

Carbon 

monoxide. 


Double  decomposition  then  takes  place  between  the 
sodium  sulphide  and  the  calcium  carbonate  (limestone) 
resulting  in  the  formation  of  sodium  carbonate  and 
calcium  sulphide. 


NaoS  -j-  CaCOg 
Sodium  Calciuni 

sulphide.  carbonate. 


NagCOg  CaS 

Sodium  Calcium 

carbonate.  sulphide. 


_ (ill)  The  melted  mass  (black-ash)  is  boiled 
with  water  in  order  to  dissolve  out  the  sodium  car- 
bonate, the  calcium  sulphide  remaining  insoluble  • 
the  latter  is  allowed  to  deposit;  the  solution  of 
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sodium  carbonate  is  poured  off  and  evaporated  until 
it  crystallises  on  cooling. 

Ammonia-soda  process  (Solvay’s  process).  This 
consists  in  passing  carbon  dioxide  into  an  ammoniacal 
solution  of  salt  under  a pressure  of  two  atmospheres. 

COg  + NH3  + NaCl  + H2O  = 

Cai'bou  Ammonia.  Salt.  Water. 

dioxide. 

HNaCOg  + NH4CI 

Sodium  Ammonium 

bicarbouate.  ciilorido. 

The  bicarbonate,  being  less  soluble  than  the  salt, 
separates  out  as  it  forms ; it  is  filtered  off  and  dried 
by  steam,  when  it  is  converted  into  sodium  carbonate. 

2NaHCO,.  = Na,C03  + CO^  + 

Sodium  Sodium  Carbon  Water. 

bicarbonate.  carbonate.  dioxide. 

The  carbon  dioxide  gas  which  is  given  off  is 
again  used,  and  the  ammonia  is  recovered  from  the 
ammonium  chloride  by  heating  with  lime. 

Sodium  carbonate,  commonly  known  as  washing- 
soda,  is  largely  used  to  soften  water  for  washing 
purposes ; the  water  is  usually  first  boiled,  by  which 
means  the  temporary  hardness  is  got  rid  of  {see  page  86), 
and  some  washing-soda  is  then  added  to  get  rid  of  the 
permanent  hardness,  which  is  mainly  due  to  calcium 
and  magnesium  sulphates ; these  compounds  are  con- 
verted into  the  insoluble  calcium  and  magnesium 
carbonates  by  the  washing-soda. 

Sodium  bicarbonate  (NaHC03)  is  prepared 
by  passing  a stream  of  carbon  dioxide  through  a 
saturated  solution  of  sodium  carbonate,  when  the 
bicarbonate  separates  out,  on  account  of  its  lesser 
solubility. 

NaoCO.  + CO.3  + H.O  = 2NaHC03 

Sodium  Carbon  Water,  Sodium 

carbonate.  dioxide.  bicarbonate. 
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Sodium  bicarbonate,  when  employed  in  medicine, 
should  not  be  dissolved  in  hot  water,  as  it  is  converted 
by  the  heat  into  sodium  carbonate. 


2NaHC03 

Sodium 

bicarbonate. 


Na2C03 

Sodium 

carbonate. 


+ COo 

Carbon 

dioxide. 


+ HgO 

Water. 


Sofliiiiii  sulphate  (^a.^SO^  + IOH2O).— This 
^It,  a saline  purgative,  is  known  as  Glauber’s  salt. 
It  IS  prepared  either  by  neutralising  sulphuric  acid 
with  sodium  carbonate,  or  as  a by-product  in  the 
preparation  of  hydrochloric  acid  from  common  salt 
and  sulphuric  acid. 


N"aoC03 

Sodium 

carbonate. 

+ HgSOj, 
Sulphuric 
acid. 

= NajSO, 

Sodium 

sulphate. 

CO2 

Carbon 

dioxide. 

+ H^O  + 

Water. 

2NaCl 

Sodium 

chloride. 

+ H3SO4 
Sulphuric 
acid. 

= NajSO., 

Sodium 

sulphate. 

+ 2HC1 

Hydrochloric 

acid. 

Sodium  phosphate  (NaoHPO^  -f  12HoO)  is 
prepared  by  partially  saturating  phosphoric  acid  with 
caustic  soda.  This  salt,  although  an  acid  phosphate 
in  constitution,  is  yet  alkaline  to  test-paper.  Another 
sodium  phosphate  (NaHoPOJ,  which  can  be  prepared 
by  only  one-third  neutralising  phosphoric  acid  with 
caustic  soda,  is  acid  to  test-paper. 

Sodium  ammonium  hydrog^en  phosphate 
or  microeosmic  salt  (NaNH^HPO,  -f-  4H,0)  is 
prepared  by  mixing  boiling  solutions  of  sodium  phos- 
phate and  ammonium  chloride.  ^ 


Na,HPO^  + NH.jCl 

Sodium  Ammonium 

phosphate.  chloride. 


NaNH^HPO^  + NaCl 

Microeosmic  Sodium 

salt.  chloride. 


I 
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It  is  used  in  blowpipe  tests,  as  it  yields,  when 
heated,  a transparent  bead  of  sodium  metaphosphate. 

NaNH^HPO^i  = NaPO.  + NH3  + H.O 

Microcosmic  Sodium  Ammonia.  Water, 

.salt.  metapho.si>liate. 

Sodimii  arsciuiate  (NaoHAsOJ  is  prepared 
by  fusing  together  arsenious  oxide  (white  arsenic), 
sodium  carbonate,  and  sodium  nitrate,  and  dissolving 
the  mass  in  water. 


As.,0.:;  + Na.^CO.^  + 

^ • J X.9 

Arsenious  Sodium 

oxide.  carbonate. 


2NaNO.,  = 

o 

Sodium 

nitrate. 


JSa^As^O^ 

Sodium 

pyroarseniate. 


+ COo 

Carbon 

dioxide. 


+ N0O3 
Nitrogen 
trioxide. 


Na^Asp^  -h  H.O 

Sodium  Water, 

pyroarseniate. 


2Na2HAsO^ 

Sodium 

arseniate. 


Sodiiiiii  liypopSiosphitc  (NaPHoO^  + HoO) 
is  prepared  either  by  boiling  phosphorus  with  solution 
of  caustic  soda  {see  page  179),  or  by  decomposing  a 
solution  of  calcium  hypophosphite  with  sodium  car- 
bonate, when  calcium  carbonate  is  precipitated  and 
sodium  hypophosphite  remains  in  solution. 


Ca(PHoOo)o  -f  Na2C03 

Calcium  Sodium 

hypopliosphite.  carbonate. 


2NaPH20,  + CaCOs 

Sodiuin  “ Calcium 

hypopliospliite.  carbonate 


8oc1iiiiii  iodide  (Nal)  and  sodium  luomidc 

(NaBr). — These  salts  are  prepared  in  similar  ways  to 
the  corresponding  potassium  salts,  substituting  caustic 
soda  for  caustic  potash  {see  pages  216,  217). 


Chap.  II.] 


SoD/UAf  Salts. 


227 

SochiQiSB  aeiUite  fNaaH,Oo)  is  prcpaiTcl  by 
neutralising  acetic  acid  with  sodium  carbonate. 


2HaH302 

Acetic  acid. 


+ NaoCOg 
Sodium 
carbonate. 


2NaC2ll302  -f 

Sodium  acetate7 


COj  + HjO 

Carbon  Water, 

dioxide. 


(KNaC^.Il\Oe  + 

2 )•  This  salt,  wliicli  is  largely  used  as  a saline 
purgative,  is  known  as  Rochelle  salt;  it  is  prepared 
by  neutralising  a hot  solution  of  potassium  acid  tar- 
tiate  (cream  of  tartar)  with  sodium  carbonate. 


2KHC,H,0,  + 

Potassium  acid 
tartrate. 


isra2C03 

Sodium 

carbonate. 


2KNaC^H,0„  + 

Sodium  potassium 
tartrate. 


CO3  + HjO 

Carbon  Water, 

dioxide. 


^ salt  constitutes  the  main  ingredient  of  a 

Seidlitz  imwder,  the  blue  packet  of  which  contains  a 
mixture  of  Rochelle  salt  and  sodium  bicarbonate, 
whilst  the  white  packet  contains  tartaric  acid  ; the 
contents  of  the  blue  packet  are  first  dissolved  in 
water,  and  then  the  cod  tents  of  the  white  packet 
added  ; the  sodium  bicarbonate  is  neutralised  by  the 
tartaric  acid,  with  formation  of  sodium  tartrate  and 
copious  effervescence  of  carbon  dioxide  gas. 


2NaHC03 

Sodium 

bicarbonate. 


+ = 

Tartaric  acid. 

2CO2  + 2HjO 
Carbon  Water, 

dioxide. 


Sodium 

tartrate. 


d" 
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But  as  the  white  packet  contains  a slight  excess 
of  tartaric  acid  over  and  above  what  is  required  to 
neutralise  the  bicarbonate,  this  slight  excess  of  acid 
will  convert  a small  portion  of  the  sodium  tartrate 
into  the  acid  tartrate,  which  will  then  give  an  agree- 
able acidity  to  the  draught. 

+ HjC.HA  = 2NaHC,H,Oj 

Sodium  Tartaric  acid.  Sodium  acid 

tartrate.  tartrate. 

So  that  when  the  contents  of  the  two  packets  con- 
stituting the  “seidlitz  powder”  are  mixed  in  water, 
three  salts,  all  of  them  saline  purgatives,  are  con- 
tained in  the  draught,  viz.  sodium  potassium  tartrate 
(Rochelle  salt),  sodium  tartrate,  and  sodium  acid 
tartrate. 

Sodium  citro  - turtrate.  — This  effervescing 
preparation,  known  as  the  effervescing  citro-tartrate 
of  soda,  is  prepared  by  mixing  together  in  the  solid 
state,  sodium  bicarbonate,  citric  acid,  tartaric  acid, 
and  sugar,  and  then  carefully  heating  the  mass  until 
it  becomes  granular.  When  the  granules  are  dissolved 
in  water,  effervescence  takes  place,  with  the  production 
of  sodium  citro-tartrate. 

Sodium  liypoclilorite.  {See  page  137.) 

Sodium  tliiosulpliate  or  liyposulpUite. 

{See  page  203.) 

Sodium  borate.  {See  page  168.) 

Test  for  Sodium. 

If  a fragment  of  a sodium  salt,  or  some  solution 
of  a sodium  salt,  be  introduced,  on  a loop  of  platinum 
wire,  into  a Bunsen  flame,  an  intense  yellow  colour 
will  be  communicated  to  the  flame  j this  test  will  be 
rendered  all  the  more  trustworthy  by  observing  the 
effect  of  the  yellow-coloured  sodium  flame  upon  the 


ciiap.  ii.j  Lithium.  229 

skin  of  the  hand  Avheii  held  near  the  flame,  the  skin 
then  appearing  of  a ghastly  livid  colour. 

LITHIUM. 

Symbol,  Li ; monad ; atomic  weight,  7. 

IVatiiral  couipouiids  of  litliiuiii Lithium 

occurs  in  the  minerals  le^oidolite  and  petalite,  and  is 

also  found  in  minute  quantities  in  numerous  mineral 
springs. 

Prc|>aratioii  and  properties  ot  the  Buetai 

litliiiiiii, — Lithium  can  be  prepared  by  electrolysis 
of  its  fused  chloride  ; the  metal  depositing  on  the 
negative  pole  and  chlorine  being  liberated  at  the 
positive  pole.  Lithium  is  the  lightest  solid  known 
(speciflc  gravity,  -59);  it  is  a silver-white  metal, 
harder  than  potassium  or  sodium,  but  oxidising  less 
easily  than  those  metals  ; its  cut  surface,  however 
soon  tarnishes  from  absorption  of  oxygen  and  forma- 
tion of  lithium  oxide,  it  is  therefore  kept  in  mineral 
naphtha.  Like  potassium  and  sodium,  it  decomposes 
water  when  thrown  upon  it,  with  the  formation  of 
itliium  hydrate  and  hydrogen,  but  the  escapiim 
hydrogen  is  not  inflamed. 


Lithium  Salts. 

JLithiiim  carbon.ate  (Li2C03)  is  prepared  from 
lepidohte,  a double  fluoride  of  potassium  and  lithium 
with  silicate  of  aluminium,  by  decomposing  it  with 
sulphuric  acid  to  form  the  three  soluble  sulphates  of 
potassium,  lithium,  and  aluminium,  adding  ammonia 
to  precipitate  the  aluminium,  filtering,  evaporatino-  to 
dryness,  igniting  the  residue  to  expel  ammonium  salts 
dissolving  the  potassium  and  lithium  sulphates  in  a 
small  quantity  of  water,  and  adding  potassium  car- 
bonate to  precipitate  the  carbonate  of  lithium. 
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LiithiuiBi  bica8*fl>oiBate  (LiHCO^)  is  prepai-ed 
by  suspending  lithium  carbonate  in  water,  and  passing 
carbon  dioxide  gas,  when  the  bicarbonate  is  formed 
and  dissolves  in  the  v/ater. 


LioCO;.  + COo  + 

latliium  Carbon 

carbonate.  dioxide. 


HoO  = 

Water. 


2LiHC03 

Litliiura 

bicarbonate. 


This  is  the  salt  that  is  present  in  lithia  water 

(Liquor  lithioi  efervescens).  _ 

Liitliiiini  citrate  (Lig  prepared  by 

neutralising  a solution  of  citric  acid  with  lithium 

carbonate. 

2H3C6H5O7  = 2Li3C5H50,  + 

Citric  acid.  Litliiuui  citrate. 

SCO,  + 3H.0 

Carbon  Water, 

dioxide. 


SLioCOg  + 

Lithium 

carbonate. 


Test  for  Lithium. 

Lithium  salts  impart  a magnificent  crimson  colour 
to  the  Bunsen  flame,  when  introduced  into  the  flame 
on  a loop  of  platinum  wire  ; the  colour  is  rendered 
more  intense  by  previously  moistening  the  wire  with 
hydrochloric  acid,  so  as  to  form  lithium  chloride. 
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CHAPTER  ITT. 

CALCIUM — BARIUM STRONTIUAL 

Calcium— Natural  Compounds  of  Calcium— Preparation  of  tho 
Calcium  Salts— IMortars  and  Cements — ^Tests  for  Calcium- 
Barium — Natural  Comijounds  of  Barium — Preparation  of  the 
Barium  Salts — Tests  for  Barium — Strontium. 

CALCIUM. 

Symbol,  Ca ; dyad ; atomic  weighty  40  ; specific 

gravity^  1-85. 

Natural  compounds  of  caBcJiiui (i)  The 

chief  calcium  compound  found  in  nature  is  the  car- 
bonate, which  occurs  in  a variety  of  forms ; in  a pure 
crystalline  form  it  occurs  as  Iceland,  spar  and  calc 
spar ; in  less  pure  forms  it  constitutes  marble,  chalk, 
limestone,  oolite,  and  coral;  the  shells  of  mollusca  and 
the  egg-shells  of  birds  consist  mainly  of  calcium  car- 
bonate ; stalactites  consist  of  a porous  form  of  calcium 
carbonate,  produced  by  the  evaporation  of  hard  water 
containing  the  calcium  bicarbonate  in  solution  ; they 
are  found  hanging  from  the  roofs  of  limestone  caves, 
(ii)  Calcium  sulphate  occurs  in  nature  as  alabaster, 
used  as  an  ornamental  stone  j as  selenite,  which  is 
found  in  transparent  plates,  and  is  used  for  optical 
purposes  ; and  as  gypsum,  a form  of  calcium  sulphate 
containing  water  of  crystallisation  (CaS0,„2H20).  By 
heating  gypsum  for  some  time  at  1.30°  to  140°  the 
watei  of  crystallisation  is  partly  expelled,  and  commer- 
cial of  Paris  is  obtained;  this,  if  mixed  witli 

sufficient  water  to  form  a paste,  sets  to  a solid  in  a 
short  time,  due  to  the  plaster  of  Paris  (CaSOJ  uniting 
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with  the  water  to  form  gypsum  (CaSOp  2H.2O),  a 
body  in  which  the  water  is  in  the  solid  state.  Plaster 
of  Paris  is  largely  employed  in  this  way  as  a cement, 
and  by  the  surgeon  to  form  a rigid  casing  for  fractured 
limbs,  etc.  (hi)  Calcium  fluoride  is  native 
(iv)  Calcium  phosphate  is  the  principal  constituent  of 
the  minerals  apatite  and  phosphorite.  (v)  Calcium 
silicate  is  a constituent  of  many  rocks. 

Preparation  and  properties  of  tBse  inelal 
calcium. — This  is  a rare  metal ; it  may  be  prepared 
by  the  electrolysis  of  fused  calcium  iodide,  the  calcium 
being  deposited  upon  the  negative  pole.  Moissan 
has  recently  obtained  it  pure  by  crystallising  the 
metal  from  sodium,  and  then  dissolving  the  sodium 
by  alcohol ; it  is  a white  metal,  melting  at  7 6°,  rathei 
harder  than  lead  ; it  decomposes  water. 

Calcium  oxide  or  lime  (CaO)  is  prepared  by 
heating  limestone  (calcium  carbonate)  until  all  the 
carbon  dioxide  is  expelled. 

CaCOg  = CaO  + COg 

Calcium  Lime.  Carbon 

carbonate.  dioxide. 

The  manufacture  of  lime,  or  quicklime  as  it  is 
commonly  called,  is  carried  on  in  specially  constructed 
furnaces  called  lime-kilns.  Fig.  22  represents  such 
a kiln,  which  is  constructed  of  fire-bricks,  and  is  filled 
with  pieces  of  limestone  (a).  A fire  is  kept  up  at 
the  side  (b),  and  the  lime  is  raked  out  from  the 
bottom  of  the  kiln  (c)  as  it  is  produced,  fresh  lime- 
stone being  introduced  at  the  top  to  supply  its  place. 

Calcium  hydrate  or  slaked  lime  (Ca(HO)o) 
is  prepared  by  the  addition  of  water  to  lumps  of 

quicklime,  when  considerable  heat  is  pi'oduced,  due 
partly  to  the  chemical  action  taking  place  between 
the  quicklime  and  the  water,  and  partly  to  the  con- 
version of  the  latent  heat  of  the  water  into  sensible 
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heat,  as  tlie  water  passes  from  the  liquid  state  into 
tlie  solid  state  in  which  it  exists  in  calcium  hydrate. 

CaO  + H,0  = 

Quicklime.  Water. 

Lime-roaleT  {Liquor  colds,  B.  P.)  is  a saturated 
solution  of  slaked  lime  in  water,  each  pint  containing 


Fig.  22.  ^Section  of  Lime- Kiln, 


Ca(HO)2 

Slaked  lime. 


aDout  13  grains  of  calcium  hydrate  in  solution; 
ca  cium  hydrate  is  much  more  soluble  in  an  aqueous 
solution  ot  sugar,  and  such  a solution  is  the  saccharated 
Cime  water  {Liquor  colds  saccharatus,  B.  P.)  which 
contains  about  14  times  as  much  slaked  lime  as 
ordinary  lime-water.  If  lime-water  be  exposed  to 
the  air  It  soon  diminishes  in  strength,  owing  to  the 
absorption  of  carbon  dioxide  from  the  air,  and  con 
sequent  precipitation  of  calcium  carbonate. 

Slaked  lime  is  largely  employed  in  the  preparation 
of  mortar,  which  consists  of  slaked  lime,  sand,  and 
water  mixed  so  as  to  form  a paste ; the  “ setting”  of 
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ordinary  mortar  is  due  to  a slow  combination  of  the 
carbon  dioxide  with  the  slaked  lime. 

Ca(HO)2  + CO,  = CaCO.j  + H^O 

Slaked  Carbon  Calcium  Water, 

lime.  dioxide.  carbonate. 

It  will  be  noticed  that  water  is  evolved  in  this 
reaction,  this  accounts  for  the  persistent  dampness  of 
newly-built  houses  in  which  mortar  is  “ setting.” 
Hydraulic  mortars  or  cements  are  preparations  which, 
when  mixed  with  water,  solidify,  and  then  continue 
to  harden  under  water,  until  they  assume  a stone-like 
hardness ; such  are  Roman  cement  and  P ortland 
cement^  which  are  obtained  by  calcining  a mixture  of 
limestone  and  clay ; on  mixing  the  cement  with  water, 
compounds  of  lime,  alumina,  and  silica  are  produced 
in  addition  to  the  calcium  carbonate,  which  set  to  a 
hard  mass  impervious  to  water.  Concrete  consists  of 
hydraulic  cement  mixed  with  gravel  or  crushed 
pebbles. 

Calcium  Salts. 

Calcium  cliloricle  (CaCb  + bHgO)  is  prepared 
by  dissolving  chalk  or  marble  (calcium  carbonate)  in 
hydrochloric  acid  and  evaporating  the  solution. 

CaCOp  + 2HC1  = CaClg  + CO3  + HoO 

Caloiuiu  Hydrochloric  Calcium  Carbon  Water, 

cmbonate.  acid.  chloride.  dioxide. 

Calcium  chloride,  when  heated  to  200°,  loses  4 
molecules  of  water  of  crystallisation,  forming  a porous 
mass  known  as  “fused  chloride  of  calcium.”  This  is 
one  of  the  most  hygroscopic  bodies  known  ; if  ex[)Osed 
to  the  air  for  a short  time  it  becomes  liquid,  owing  to 
its  absorbing  sufficient  water  from  the  air  to  dissolve 


Cliap.  III.] 


Calcium  Salts. 


235 


in  ; on  account  of  its  hygroscopic  properties  it  is 
frequently  employed  to  dry  gases. 

Calciiiiii  carbonate  (CaCOg).  — This  compound, 
as  previously  mentioned,  occurs  native  in  several 
forms.  As  preeijiitated  carbonate  of  lime.,  it  is  prepared 
by  precipitating  a solution  of  calcium  chloride  with  a 
solution  of  sodium  carbonate. 


CaClg  + NaoCOg  = CaCOg  + 2NaCl 

Calcium  Sodiuiri  Calcium  Sodium 

chloride.  carbonate.  carbonate.  cliloride. 

Prepared  chalk  is  merely  washed  chalk  that  has 
been  worked  into  small  conical  lumps  and  then  dried  ; 
if  washed  chalk  be  made  into  larger  rolls  it  constitutes 
ivhiting. 

Calcium  phosphate  (Cag(P04^)2)  is  prepared 
by  digesting  bone-ash  (impure  calcium  phosphate)  in 
hydrochloric  acid,  by  which  means  the  insoluble 
calcium  phosphate  is  converted  into  the  soluble  cal- 
cium superphosphate  or  acid  phosphate  and  calcium 
cliloride. 


Cag(P0,)3  + 4H01  CaH,(P04)2  + 2CaCP 

Calcium  Hydrochloric  Calcium  " Calciunf 

Xdiosphate.  acid.  acid  phosphate.  chloride. 


This  acid  solution  is  then  filtered  from  insoluble 
matter,  and  ammonia  added  to  precipitate  the  pure 
calcium  phosphate. 


CaPl^(POj2  -f-  2CaCl2  -f- 

Calcium  CalciurrT 

acid  phospliate.  chloride. 


4NH4HO  = 

Ammonium 

hyarate. 


Cag(PO,). 

Calcium 

l)hosphate. 


4NH4CI 

Ammonium 

cliloride. 


-f  4H.3O 

Water 


Calcium  hypophospliitc.  {See  page  179.) 
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Cniciiini  siilpBiidc  (CaS)  is  prepared  by  heat- 
ing lime  in  a stream  of  sulphuretted  hydrogen  gas, — 

CaO  4-  HoS  = CaS  4-  HoO 

CiUciuni  Sulphuretted  Calcium  Water; 

oxide.  hydrogen.  sulphide. 

or  by  heating  a mixture  of  calcium  sulphate  and 
charcoal,  the  latter  reducing  the  sulphate  to  sulphide, — 

CaSO^  4-  4C  = CaS  + 4CO 

Calcium  Carbon.  Calcium  Carbon 

sulphate.  sulphide.  monoxide. 

If  calcium  sulphide  be  exposed  to  light,  it  is  after- 
wards for  some  time  phosphorescent  in  the  dark.  It 
is  the  chief  constituent  of  Balmain^ s luminous  'paint. 
If  treated  with  an  acid,  such  as  hydrochloric  acid, 
sulphuretted  hydrogen  gas  is  evolved,  and  in  this  way 
is  obtained  in  a very  pure  state,  such  as  is  required  in 
toxicological  investigations. 

CaS  4-  2HC1  = CaCb  4-  H^S 

Calcium  Hydrochloric  Calcium  Sulphuretted 

sulphide.  acid.  chloride.  hydrogen. 

Chlorinated  lime,  or  bleaching  powtlei 

(see  page  136). 


Tests  for  Calcium. 

(i)  Ammonium  oxalate  or  carbonate  gives,  with  a 
solution  of  a calcium  salt,  a white  precipitate  of 
calcium  oxalate  or  carbonate  ; the  oxalate  is  insoluble 
in  acetic  acid,  but  soluble  in  hydrochloric  acid;  the 
carbonate  dissolves  in  both  acids. 

(ii)  If  a calcium  salt  be  introduced  into  the 
Bunsen  flame,  on  a piece  of  platinum  wire  previously 
moistened  with  hydrochloric  acid,  an  orange  red 
colour  is  communicated  to  the  flame. 
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BARIUM. 

Symbol,  Ba  ; dyad  ; atomic  weight,  137 ‘4. 

The  salts  of  barium  have  a high  specific  gravity  ; 
hence  the  derivation  of  the  name  from  foapvg,  heavy  / 
they  are  poisonous,  the  antidote  is  sodium  or  magne- 
sium sulphate.  ° 

JVatural  coiiipotiiids  of  bai-iiiiii. (i) 

Wither ite  is  the  native  carbonate  of  barium,  (ii) 
Heavy  spar  is  the  native  sulphate  of  barium. 

Preparation  and  properties  of  the  metal 
hariiiin, — Barium  is  said  to  have  been  prepared  in 
a similar  manner  to  calcium,  by  electrolysis  of  the 
fused  chloride.  It  is  of  a pale  yellow  colour,  and 
possesses  very  similar  properties  to  those  of  calcium. 

Barium  oxide  or  baryta  (BaO).— This  oxide 
is  most  conveniently  prepared  by  heating  the  nitrate. 

2Ba(N03)2  = 2BaO  + 4NO2  + 

^Eriuin  BRiium  Nitr026ii  OxviZGn 

{nitrate  oxide.  tetroxide 

When  water  is  added  to  barium  oxide,  evolution  of 
heat  takes  place,  and  barium  hydrate  or  slaked  baryta 
(Ba(HO)2)  is  produced,  the  reaction  being  similar  to 
that  which  occurs  during  the  slaking  of  lime.  Barium 
forms  a crystalline  hydrate  (Ba(HO)o  + 8H0O) 
which  is  much  more  soluble  in  water  than  calcium 
hydrate  ; its  solution  is  known  as  baryta  water,  and, 
like  lime-water,  if  exposed  to  the  air  it  absorbs  carbon 
dioxide,  producing  a white  deposit  of  barium  car 
bonate. 

Barium  dioxide,  or  barium  peroxide 

(BaO,).— This  oxide  is  prepared  by  heating  baryta  to 
a dull  red  heat  in  a stream  of  air  or  oxygen. 


2BaO  + 02  = 2BaO, 

Baryta.  Oxygen.  Barium  dioxide. 
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If  the  higher  oxide  be  further  heated  it  is  converted 
into  tlie  lower  oxide,  with  evolution  of  oxygen  ; in  this 
way  pure  oxygen  may  be  obtained  from  the  air  {see 
page  Y3.)  Barium  dioxide  is  also  employed  in  the 
preparation  of  hydrogen  dioxide  {see  page  90). 

Bakium  Salts. 

Barium  nitrate  (Ba(N03)2)  is  prepared  either 
by  dissolving  the  carbonate  in  nitric  acid,  or  by 
reducing  the  sulphate  to  sulphide  by  heating  with 
charcoal,  and  then  dissolving  the  sulphide  in  nitric 
acid. 

Barium  ch1ori<lc  (BaClg  + SH^O)  is  prepared 
by  processes  similar  to  those  used  for  obtaining  the 
nitrate,  with  the  substitution  of  hydrochloric  for  nitric 
acid. 

Tests  for  Barium. 

(i)  Barium  salts  give,  with  calcium  sulphate 
solution,  an  immediate  white  precipitate  of  barium 
sulphate,  which  is  insoluble  in  either  hydrochloric  or 
nitric  acids. 

(ii)  Solution  of  potassium  chromate  gives  a 
yellow  precipitate  of  barium  chromate  with  barium 
salts  ; this  precipitate  is  insoluble  in  acetic  acid,  but 
is  soluble  in  either  hydrochloric  or  nitric  acids. 

(iii)  If  a barium  salt  be  introduced  into  the 
Bunsen  flame,  on  a piece  of  platinum  wire  previously 
moistened  with  hydrochloric  acid,  a yellowish-green 
colour  is  communicated  to  the  flame. 

STRONTIUM. 

Symbol,  Sr;  dyad;  atomic  weight,  87 '6. 

Strontium  occurs  in  nature  as  the  carbonate 
.strontianite,  and  as  the  sulphate  celestine.  The  salts 
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of  strontium  are  not  of  any  nicilical  importance  ; they 
are  prej>ared  by  processes  similar  to  tliose  employed 
in  the  manufacture  of  the  calcium  and  barium  salts. 

Strontium  hydrate  is  used  in  sugar  relining. 

Test  for  Strontium. 

Strontium  salts  when  introduced  into  the  Bunsen 
flame  on  a piece  of  platinum  wire  previously  moistened 
with  hydrochloric  acid,  communicate  a beautiful  crim- 
son colour  to  the  flame.  The  nitrate  and  chlorate  are 
on  this  account  largely  employed  by  firework  manu 
facturers. 
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CHAPTER  IV. 

MAGNESIUM — ZINC CADMIUM — MERCURY. 

Magnesium — Natural  Compounds  of  Magnesium — Preiiaration  and 
Properties  of  the  Metal  Magnesium — Preparation  of  the 
Magnesium  Salts  — Test  for  Magnesium  — Zinc — Natural 
Compounds  of  Zinc — Preparation  and  Properties  of  the  Metal 
Zinc— Preparation  of  the  Zinc  Salts — Tests  for  Zinc — Cadmium 
— Mercury — Occurrence  in  Nature — Preparation  and  Properties 
of  the  Metal  Mercury — Action  of  Acids  on  Mercury — Prepara- 
tion of  the  Mercurous  and  Mercuric  Salts — Tests  for  IMercury  — 
Distinguishing  Tests  between  Mercm-ous  and  Mercuric  Salts — 
Points  of  Resemblance  between  the  Metals  in  this  group. 

MAGNESIUM. 

Symbol,  Mg;  dyad;  atomic  weight,  24*3;  sgiecijiG 

gravity,  U75. 

Natural  compounds  of  iiiag^iiesiuiu.— 

(i)  The  carbonate  occurs  in  nature  in  a fairly  pure 
form  as  magnesite  (MgCOg),  and  as  a double  carbonate 
of  magnesium  and  calcium  in  dolomite,  (ii)  Magnesium 
sulphate  is  found  in  certain  mineral  spring  waters  ; 
in  Epsom  spring  waters,  in  England  ; in  Friedrich- 
shall  water,  in  Germany  ; and  in  Hunyadi  Jdnos 
water,  in  Hungary.  (iii)  Various  compounds  of 
magnesium  and  silica  occur  in  nature ; talc  is  mag- 
nesium silicate  ; meerschaum  is  a hydrated  magnesium 
silicate ; asbestos  is  a double  silicate  of  magnesium 
and  calcium. 

Preparation  and  properties  of  the  metal 
magnesium.— Magnesium  is  prepared  by  lieating 
in  a crucible  a mixture  of  magnesium  chloride  and  the 
metal  sodium,  when  the  latter  abstracts  the  chlorine, 
forming  sodium  chloride,  and  the  metal  magnesium 
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sinks  to  the  bottom  of  the  crucible.  Magnesium  is 
made  into  ribbon  or  wire  for  burning  purposes,  in 
order  to  produce  the  powerful  light  known  as  the 
'magnesium  light.  ' When  burnt,  it  produces  a Mdiite 
ash  of  magnesium  oxide,  or  magnesia  : it  melts  at 
633°. 

lYlag^iiesiuiii  oxide  or  niag^nesia  (MgO). 

This  is  obtained  by  heating  the  basic  magnesium 
carbonate. 

3MgC03,  Mg(HO)2  = ^MgO  + 300,  + Hp 

Basic  magnesium  Magnesium  Carbon  Water, 

carbonate.  oxide.  dioxide. 

There  are  two  varieties  of  the  oxide,  light  mag'nesia 
and  heavy  mag'nesia;  they  are  respectively  prepared 
by  the  action  of  heat  on  the  light  and  heavy  car- 
bonates. The  old  name  for  these  preparations  was 
“ calcined  magnesia.” 


Magnesium  Salts. 

]^fag:nesiiiiii  sulphate  (MgSO^  + 7H,0), 
commonly  known  as  Epsom  salts,  on  account  oi  its 
natural  occurrence  in  Epsom  spring  waters,  is  pre- 
pared by  dissolving  the  native  magnesium  carbonate 
in  diluted  sulphuric  acid,  concentrating  the  liquor, 
and  allowing  the  salt  to  crystallise  out. 

MgCO,  + HjSO,  = MgSO^  + CO2  + H.,0 

Magnesium  Sulphuric  Magnesium  Carbon  Water 

carbonate.  acid.  sulphate.  dioxide. 

Epsom  salts  resemble  remarkably  in  their  crystal- 
line appearance  the  crystals  of  zinc  sulphate,  and  also 
to  a certain  extent  the  crystals  of  oxalic  acid,  both  of 
which  poisonous  materials  have  been  mistaken  for 
Epsom  salts.  From  zinc  sulphate,  Epsom  salts  maj 
be  distinguished  by  its  solution  yielding  no  precipitate, 
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either  with  ammonium  sulpliide,  or  with  potassium 
ferrocyaiiide,  whereas  zinc  sulphate  yields  a white 
precipitate  with  both  reagents ; from  oxalic  acid, 
Epsom  salts  may  be  distinguished  by  being  neutral 
to  test-paper,  whereas  the  former  is  strongly  acid. 
Oxalic  acid,  when  heated  on  a knife  blade  or  platinum 
foil,  leaves  no  residue ; both  zinc  sulphate  and  mag- 
nesium sulphate  leave,  when  heated  strongly,  an 
infusible  residue  of  their  respective  oxides. 

carbonate  (SMgCOg,  Mg(HO)o). 
— The  normal  magnesium  carbonate  (MgCOg)  occurs 
native  in  magnesite  and  dolomite  ; the  carbonate  that 
is  used  in  medicine,  and  which  is  obtained  by  precipita- 
tion, is  a basic  carbonate,  consisting  of  three  mole- 
cules of  the  carbonate  to  one  of  the  hydrate.  It  is 
prepared  by  mixing  solutions  of  magnesium  sulphate 
and  sodium  carbonate,  when  it  is  thrown  down  as  a 
white  precipitate. 


4MgSO.^  + 4Na3C03  + H,0  = 

Magnesium  Sodium  Water, 

sulphate.  carbonate. 


SMgCOg,  Mg(HO),  4- 

Magiie.siuiu  carbonate. 


4Na,SO^  + COj 

Sodium  Carbon 

sulpliate.  dioxide. 


There  are  two  forms  of  magnesium  carbonate 
employed  in  medicine,  tJie  light  carbonate  and  the 
heavy  carbonate.  The  former,  which  is  a very  fine 
and  light  precipitate,  is  prepared  by  mixing  somewhat 
diluted  and  cold  solutions  of  magnesium  sulphate  and 
sodium  carbonate;  the  latter,  which  is  a dense  and 
more  compact  precipitate,  is  prepared  by  mixing 
strong  and  hot  solutions  of  the  same  salts. 

bicarbonsUe  (Mg(HC03)o).  — 
This  soluble  salt  is  conttiined  in  fluid  magnesia 
{Liquor  maar)e<iii  carbonatix,  B.  P.);  it  i.s  preparetl  by 
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passing  a stream  of  carbon  dioxide  gas  through  water 
in  wliich  magnesium  carbonate  is  suspended. 

3MgCO.j,  Mg(HO),  + 5CO„  + 3H„0  = 

Basic  inagnesiuiu  Carbou  Water, 

carbonate.  dioxide. 

4Mg(HC03)j 

Magnesium 

bicarbonate. 

If  tliis  solution  be  heated,  carl)on  dioxide  is 
evolved,  and  the  magnesium  carbonate  is  deposited. 

Mag-iiesium  citrate  (Mg3(CyH507)o).  — This 
salt  is  contained  in  the  Liquor  magnesii  citratis, 
which  is  prepared  by  dissolving  the  basic  carbonate 
in  solution  of  citric  acid.  “ Efiervescing  citrate  of 
magnesia”  is  a granular  preparation  largely  used  as 
a mild  saline  purgative,  and  effervescing  wlien  mixed 
with  water ; it  consists  of  sodium  bicarbonate,  citric 
and  tartaric  acids,  magnesium  carbonate  or  sulphate, 
and  sugar.  Many  specimens,  however,  contain  no 
magnesium  salt. 


Test  for  Magnesium. 

The  presence  of  magnesium  can  only  be  proved 
after  the  removal  of  the  other  alkaline  earth  metals, 
viz.  calcium,  barium,  and  strontium  ; these  metals 
are  precipitated  by  ammonium  carbonate  in  presence 
of  ammonium  chloride,  whereas,  under  such  con- 
ditions, magnesium  is  not  precipitated,  the  ammonium 
chloride  keeping  the  magnesium  carbonate  in  solution. 
To  test  for  magnesium,  it  is  therefore  necessary  to  add 
to  the  solution  ammonium  chloride  and  ammonium 
carbonate,  and  warm  ; if  calcium,  barium,  or  stron- 
tium ^ are  present,  they  will  be  precipitated,  and  on 
filtering  from  the  }>recipitate,  the  presence  of  mag- 
nesium in  the  filtrate  can  be  demonstrated  by  the 
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addition  of  solution  of  ammonia  and  of  sodium  phos- 
phate, when  a white  granular  or  crystalline  precipitate 
(arnmonio-magnesium  phosphate,  MgNH^POJ  will  be 
thrown  down.  Since  the  metals  calcium,  barium,  and 
strontium  all  yield  precipitates  with  sodium  phosphate, 
the  necessity  for  removing  them  before  testing  for 
magnesium  is  obvious. 

ZINC 

Symbol,  Zn;  molecule,  Zn;  dyad;  atomic  weight,  G5‘4; 

molecidar  weight,  65*4;  syeciiic  gravity,  7*15. 

Zinc  is  one  of  the  elements  containing  only  one 
atom  in  the  molecule. 

Natural  compoiiiicls  of  zinc. — (i)  Calamine, 
the  native  carbonate  of  zinc  (ZnCOg)  ; it  is  of  a 
yellowish-white  colour,  from  a small  quantity  of  iron 
or  manganese  contained  in  it,  and  is  used  in  surgery 
in  the  form  of  an  ointment  and  lotion,  (ii)  Blende, 
the  native  sulphide  of  zinc  (ZnS).  (hi)  The  red  oxide 
(ZnO),  the  red  colour  is  due  to  manganese,  (iv)  Zinc 
silicate  (ZnoSiO^  -1-  H2O). 

Preparation  of  tlie  metal  zinc. — The  zinc 
ore,  either  calamine  or  blende,  is  first  heated  or 
roasted  in  the  air,  to  convert  it  into  the  zinc  oxide, 
which  is  then  reduced  to  the  metal  by  heating  with 
charcoal  or  fine  coal.  Since  zinc  is  a volatile  metal,  it 
is  prepared  by  a process  of  distillation.  The  mixture 
of  zinc  oxide  and  charcoal  or  coal  is  placed  in  tube- 
shaped retorts  (r)  of  fire  clay,  to  the  open  end  a 
conical  clay  pipe  {a)  is  fitted,  and  to  this  is  fixed  an 
iron  condenser  (6,  Fig.  23). 

On  strongly  heating,  the  zinc  is  set  free  by  the 
reducing  action  of  the  carbon  on  the  zinc  oxide,  and 
passes  along  the  pipe  in  the  form  of  vapour,  which  in 
the  cooler  portion  of  the  pipe  condenses  to  molten 
zinc ; from  time  to  time  the  iron  condenser  is  taken 
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away,  and  the  melted  zinc  scraped  out  from  the 
conical  clay  pipe  into  a ladle,  until  all  the  zinc  has 
been  distilled  over.  Zinc  prepared  in  this  manner 


IS  generally  impure,  from  the  presence  of  small 
quantities  of  arsenic,  from  which  it  can  be  purified 
by  well  stirring  with  the  molten  zinc  some  potassium 
nitrate,  which  converts  the  arsenic  into  potassium 
arseniate. 

Granulated  zinc,  the  form  in  which  the  metal  is 
commonly  employed  in  the  preparation  of  hydrogen,  is 
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obtained  by  pouring  melted  zinc  from  a height  into 
water. 

Properties  of  the  metal  zinc. — Zinc  is  a 
bluish-white  hard  metal;  if  heated  to  100°  — 150° 
it  becomes  soft  and  malleable,  so  that  it  can  be  rolled 
into  thin  plates  ; at  200°  it  is  quite  brittle,  and  can 
then  be  readily  reduced  to  powder;  at  419°  it 
melts,  and  boils  at  a bright-red  heat  (about  940°)  ; 
when  strongly  heated  in  the  air  it  burns  with  a bright 
bluish  dame,  forming  light  white  flocks  of  zinc  oxide. 
In  moist  air  it  oxidises,  becoming  covered  with  a 
very  thin  film  of  zinc  oxide,  which,  however,  is  a 
very  compact  film,  and  effectually  checks  any  further 
oxidation  ; in  this  respect  it  is  very  unlike  the  metal 
iron,  which  in  moist  air  oxidises  or  rusts  continuously, 
and  so  becomes  in  time  thoroughly  corroded.  Zinc 
is  employed  for  coating  iron  vessels,  etc.,  to  prevent 
their  rusting,  such  coated  iron  being  known  as 
galvanised  iron. 

Zinc  enters  into  the  composition  of  some  important 
alloys.  Brass  is  an  alloy  of  zinc  and  copper;  German 
silver  is  an  alloy  of  zinc,  copper,  and  nickel.  Galvan- 
ised iron.,  as  we  have  seen,  is  prepared  by  dipping 
clean  iron  into  molten  zinc,  and  so  coating  the  iron 
with  a covering  of  zinc.  Zinc  is  readily  acted  on  by 
most  acids ; dilute  sulphuric  and  hydrochloric  acid? 
attack  it,  forming  respectively  zinc  sulphate  and 
chloride,  with  evolution  of  hydrogen.  Moderately 
diluted  nitric  acid  is  peculiar  in  its  action  on  zinc, 
producing  zinc  nitrate  and  ammonia  gas,  the  latter, 
however,  not  escaping,  but  being,  immediately  it  is 
formed,  converted  by  some  of  the  nitric  acid  into 
ammonium  nitrate. 


Zinc.  Nitric  Zinc  Ammonia.  Water. 
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Zinc  oxi<lc  (ZnO)  is  prepared  either  by  burning 
the  metal  zinc  in  air,  or  by  heating  the  basic  zinc 
carbonate. 

ZnCO,,  2Zn(HO)2  = ^ZnO  + COg  + 2HoO 

Basic  zinc  Zinc  Carbon  Water, 

carbonate.  oxide.  dioxide. 

Zinc  oxide  under  the  name  of  zinc-white  is  used  as 
a paint ; it  possesses  this  advantage  over  white-lead, 
that  it  is  not  blackened  by  sulphuretted  hydrogen, 
whereas  white-lead  paint  slowly  blackens  on  account 
of  the  small  quantities  of  sulphuretted  hydrogen 
present  in  the  air  of  towns  and  dwelling-houses.  The 
covering  power  or  “ body  ” of  zinc-white  is,  however, 
not  nearly  so  great  as  that  of  white-lead. 

Zinc  Salts. 

Zinc  sulphate  (ZnSO^  4-  7HoO)  is  prepared 
by  the  action  of  dilute  sulphuric  acid  on  zinc. 

Zn  -h  HoSO^  = ZnSO^  + Ho 

Zinc.  Sulphuric  Zinc  Hydrogen, 

acid.  sulphate. 

Zinc  sulphate  occurs  in  small  crystals,  very  much 
resembling  magnesium  sulphate,  for  which  it  is  apt  to 
be  mistaken.  For  the  methods  of  distinguishing  the 
two  salts,  see  page  241: 

Zinc  sulphate  is  occasionally  termed  white  vitriol; 
it  is  an  emetic. 

Zinc  chloride  (ZnClo)  is  prepared  in  solution 
l)y  the  action  of  hydrochloric  acid  on  zinc. 

Zn  -f  2HC1  = ZnClo  + Ho 

Zinc.  Hydrochloric  Zinc“  Hydrogen, 

acid,  chloride. 

It  is  very  poisonous  ; it  is  used  as  a disinfectant, 
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under  the  name  of  “ Burnett’s  fluid  ; ” it  coagulates 
albumen.  When  melted  it  dissolves  metallic  oxides, 
and  is  largely  used  in  soldering  with  tin  and  lead 
alloys.  It  is  a white  deliquescent  solid. 

Zinc  cartoonatc  (ZnCOg,  2Zn(H0)^). — The 
normal  carbonate  (ZnCOg)  only  occurs  in  nature  as 
calamine.  The  precipitated  carbonate  is  a basic 
carbonate,  or  double  carbonate  and  hydrate,  and  is 
prepared  by  mixing  solutions  of  zinc  sulphate  and 
sodium  carbonate,  when  it  is  thrown  down  as  a white 
precipitate. 

3ZnSO^  d-  SNa^COg  + 2HoO  = 

Zinc  Sodium  Water. 

sulphate.  carbonate. 

ZnCOg, 2Zn(HO)3  + SNa^SO^  + 2CO2 

Ba.sic  zinc  Sodium  Carbon 

carbonate.  sulphate.  dioxide. 

Zinc  acetate  (Zn(C2Hg02)2)  is  prepared  by  the 
action  of  acetic  acid  on  the  basic  zinc  carbonate. 

Zinc  valerianate  (Zn(CfjHg02)o  + ^HgO)  is 
prepared  by  mixing  strong  and  hot  solutions  of  zinc 
sulphate  and  sodium  valerianate  ; on  cooling,  the 
valerianate  of  zinc  separates  out  as  a crystalline 
white  substance. 

Tests  for  Zinc. 

(i)  Ammonium  sulphide  gives  in  neutral  or 
alkaline  zinc  solutions  a white  precipitate  of  zinc 
sulphide  (ZuS).  This  is  a characteristic  reaction,  as 
zinc  sulphide  is  the  only  white  sulphide  capable  of 
being  precipitated. 

(ii)  Solution  of  ammonia  gives  a white  precipitate 
of  zinc  hydrate  (Zih^HO).),  readily  soluble  in  excess 
of  ammonia.  From  this  solution  in  the  excess  of 
ammonia  the  zinc  may  be  precipitated  as  the  white 
sulphide  by  the  addition  of  ammonium  sulphide. 
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(iii)  When  heated  with  the  blowpipe  on  charcoal, 
zinc  salts  leave  a residue  of  zinc  oxide  which  glows 
in  the  flame,  turning  yellow  when  hot  and  white  on 
cooling.  If  this  be  moistened  with  cobalt  nitrate 
and  again  made  red  hot,  a bright  green  mass  is  obtained. 

(iv)  Potassium  ferrocyanide  gives  a white  pre- 
cipitate of  zinc  ferrocyanide. 


Symbol,  Cd;  atomic  weight,  112*3  \ specific  gravity,  8*6. 

Cadmium  is  a tin-white  metal ; it  occurs  as 
sulphide  with  zinc  ores,  and  closely  resembles  that 
metal  in  its  properties  and  its  compounds.  It  melts 
at  320'"  and  boils  at  760°  ; it  burns  with  a bright 
flame,  forming  a brown  oxide.  Its  sulphide  is  bright 
yellow  and  is  used  as  a pigment  {cadmium  yelloud). 


Symbol,  Hg  ; molecule,  Hg  ; dyad  ; atomic  weight,  200  •, 
molecidar  weight,  200. 

rVatiiral  compounds  of  mercury. — ( i)  The 

chief  natural  compound  of  mercury  is  cinnabar,  a 
sulphide  of  mercury  (HgS),  which  is  found  in  masses 
of  a dark  red  colour,  (ii)  Mercury  is  occasionally 
found  in  the  free  state  in.  small  quantities. 

Preparation  of  tlie  metal  mercury. — It  is 
obtained  from  cinnabar  by  heating  it  with  quicklime 
in  retorts,  when  double  decomposition  first  takes  place 
between  the  cinnabar  and  the  lime,  resulting  in  the 
formation  of  mercuric  oxide  and  calcium  sulphide. 


CADMIUM. 


MERCURY. 


Cinnabar.  Lime. 


HgS  -h  CaO 


HgO  -I-  CaS 


Mercuric  Calcium 

oxide.  sulphide. 
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The  mercuric  oxide  is  then  decomposed  by  the  heat 
into  mercury  and  oxygen,  tlie  mercury  distilling  over, 
and  being  condensed  in  a suitable  receiver. 

Mercury  may  also  bo  obtained  by  roasting  cin- 
nabar in  excess  of  air,  and  passing  the  resulting 
vapours  of  mercury  and  sulphur  dioxide  through  a 
series  of  condensing  chambers  to  condense  the 
mercury. 

Properties  of  SBce  metal  mercury.  — At 

ordinary  temperatures  mercury  is  a heavy  lustrous 
liquid  ; it  is  the  only  metal  that  is  liquid  at  ordinary 
temperatures  ; it  is  commonly  known  as  quicksilver, 
on  account  of  its  possessing  a white  colour  like  silver, 
and  from  its  being  liquid.  Its  specific  gravity  is 
13’59 ; it  solidifies  at  — 38‘8°,  and  boils  at  357°; 
it  volatilises  slowly  at  ordinary  temperatures  ; it  re- 
mains unchanged  in  air  at  ordinary  temperatures, 
but  when  heated  to  300°,  in  contact  with  air,  it 
oxidises,  forming  the  red  oxide  of  mercury.  It  is 
capable  of  a very  fine  state  of  division  if  well 
rubbed  with  certain  substances,  and  in  this  finely- 
divided  state  it  is  employed  in  some  medicinal 
preparations.  Those  containing  such  finely-divided 
mercury  are  blue  pill  {Pilula  liydrargyri),  grey 
powder  [Hydrargyrum  cum  creta),  and  mercury 
ointment  {Ungiientum  luydrargyri).  Mercury  unites 
with  most  of  the  metals,  forming  amalgams,  the 
most  useful  of  which  is  an  amalgam  of  mercury 
and  tin,  which  is  used  for  silvering  ordinary  looking- 
glasses.  Mercury  docs  not  unite  or  amalgamate  with 
iron  and  platinum,  hence  it  is  generally  stored  in 
large  iron  bottles. 

Action  of  needs  on  niertniry. — Dilute  sul- 
phuric acid  and  hydrochloric  acid  have  no  action  on 
mercury.  Strong  sulphuric  acid  with  heat  acts  on 
mercury,  forming  mercuric  sulphate,  and  evolving 
sulphur  dioxide. 
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Hg  -f  2HoSO.^  = HgSO.,.  + SOo  + 2H2O 

Mercury.  Sulphuric  Mercuric  Suliiluir  Water, 

acid.  sulphate.  dioxide. 


Nitric  acid  acts  on  mercury,  producing  different 
mercury  salts,  accordingly  as  strong  or  dilute  nitric 
acid  is  employed  with  heat  or  without.  Strong  nitric 
acid  with  heat  forms  mercuric  nitrate,  with  evolution 
of  nitrogen  dioxide. 


3Hg  + 8HNO3  = 3Hg(N03)2 

Mer-  Nitric  Mercuric 

cury.  acid.  nitrate. 


+ 2NO  + 4HoO 

Nitrogen  Water, 
dioxide. 


Moderately  diluted  nitric  acid  digested  with  mer- 
cury in  the  cold  forms  mercurous  nitrate  with  evolu- 
tion of  nitric  oxide. 


GHg 

Mer- 

cury. 


+ 8HNO3  = 3Hg3(N03)2 

Nitric  Mercuious 

acid.  nitrate. 


-h  2NO  -f  d-HoO 

Nitrogen  Water 
dioxide. 


Aqua  regia  (nitro-hydrochloric  acid)  dissolves 
mercury,  forming  mercuric  chloride,  and  evolving 
nitric  oxide. 

3Hg  -f-  6HC1  + 2HNO3  = 3HgClo  + 2NO  + 4H,0 

.Aler-  Hydrochloric  Nitric  Mercuric  Nitrogen  Water, 

cury.  acid.  acid.  chloride.  dioxide. 

Mci-ewric  oxide  (HgOj.— There  are  two  varie- 
ties of  this  oxide — the  red  or  crystalline  variety,  and 
the  yelloiu  or  amorphous  variety.  The  red  mercuric 
oxide,  commonly  known  as  red  precipitate.^  is  obtained 
as  a red  crystalline  powder  by  heating  mercuric 
nitrate  alone  or  mixed  with  metallic  mercury. 

Hg(N03)2  -I-  Hg  = 2HgO  + 2NO, 

Mercuric  Mercury.  Mercuric  Nitrogen 

nitrate.  red  oxide.  tetroxide. 
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It  may  also  be  obtained  by  heating  mercury  with 
exposure  to  the  air  for  some  time  at  a temperature  of 
300°. 

The  yellow  mercuric  oxide  is  obtained  as  a yellow 
amorphous  powder  by  precipitating  a solution  of 
mercuric  chloride  with  any  of  the  fixed  alkalies, 
potash,  soda,  or  lime. 

HgClg  + 2NaHO  HgO  + 2NaCl  + HgO 

Mercuric  Sodium  Mercuric  Sodium  Water, 

chloride.  hydrate.  (yellow)  oxide.  chloride. 

The  yellow  mercuric  oxide  is  contained  in  yellovj 
lotion  or  yelloiv  luash  {Lotio  hydraryyri  Jlava),  in 
which  it  is  made  by  precipitating  a weak  solution 
of  mercuric  chloride  with  lime-water. 

HgClg  -h  Ca(HO).  rr:  HgO  -h  CaClo  -h  HoO 

Mercuric  Calcium  ~ Mercuric  Calcium  Water, 

chloride.  hydrate.  (yellow)  oxide.  chloride. 

mercurous  oxide  (HgoO)  is  also  known  as 
black  oxide  of  mercury ; it  is  prepared  by  the  action 
of  one  of  the  fixed  alkalies,  potash,  soda,  or  lime,  on 
a mercurous  salt ; it  is  contained  in  black  lotion  or 
black  wash  {Lotio  hydrargyri  nigraif^  in  which  it  is 
obtained  as  a black  precipitate  by  shaking  together 
calomel  (mercurous  chloride)  and  lime-water. 

Hg2C1.2  -|-  Ca(HO)o  = HgjO  -p  CaCl^  + HoO 

Mercurous  Calcium  Mercurous  Calcium  Water, 

chloride.  hydrate.  oxide.  chloride. 

Mercury  Salts. 

There  are  two  classes  of  mercury  salts,  mercuric 
and  mercurous,  in  both  of  which  the  mercury  is 
acting  as  a dyad ; but  all  mercurous  compounds  con- 
tain in  the  molecule  two  atoms  of  mercury,  and  as 
these  two  atoms  are  linked  together  by  an  atom-fixing 
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power  of  each,  the  mercury  atoms  only  exert  towards 
other  elements  the  atom-fixing  power  of  a monad. 
This  is  rendered  evident  by  inspection  of  the  following 
grapliic  formulae  of  mercuric  chloride  (HgClg)  and 
mercurous  chloride  (HggClo). 

Cl— Hg— Cl  Cl— Hg Hg— Cl 

Mercuric  chloride.  Mercurous  chloride. 

It  will  be  convenient  to  describe  the  various  mer- 
curic and  mercurous  salts  together. 

Mercuric  sulphate  (HgS04  + H3O)  is  prepared 
by  the  action  of  strong  sulphuric  acid  with  heat  on 
mercury. 

Hg  + 2H2SO4  ^ HgSO^  -f  SO2  + 2H2O 

Mercury.  Sulphuric  Mercuric  Sulphur  Water, 

acid.  sulphate.  dioxide. 

Mercuric  sulphate  is  largely  used  in  the  preparation 
of  mercuric  chloride  (corrosive  sublimate),  and  also 
for  preparing  mercurous  sulphate,  from  which  calomel 
is  made.  Mercuric  sulphate  is  decomposed  by  water, 
with  production  of  a yellow  basic  sulphate  of  mercury 
(HgS042Hg0),  formerly  employed  in  medicine  under 
the  name  of  Turpeth  mineral. 

SHgSO^  4-  2H2O  = HggOgSO^.  4-  2H2SO4 

Mercuric  Water.  Turpeth  Sulphuric 

sulphate.  mineral.  acid. 

Mercurous  sulphate  (Hg^SO^).— This  is  pre- 
pared by  well  rubbing  mercuric  sulphate  with  as 
much  mercury  as  it  already  contains. 

HgSO^  4-  Hg  = Hg2S04 

Mercuric  Mercury.  Mercurous 

sulphate.  sulphate. 

This  salt  is  used  for  the  preparation  of  calomel ; it  is 
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very  apt  to  be  contaminated  with  some  unchanged 
mercuric  sulphate. 

Mercuric  cliloricHc  (HgClo). — This  important 
salt  is  also  known  as  perchloride  of  mercury  ^ hichloride 
of  mercury,  and  corrosive  sublimate.  It  is  prepared 
by  heating  a mixture  of  mercuric  sulphate  and  sodium 
chloride  (common  salt),  a little  black  oxide  of  man- 
ganese being  added  to  prevent  the  formation  of  mer- 
curous chloride,  and  conveying  the  vapour  of  the 
mercuric  chloride  into  a cool  chamber,  where  it  con- 
denses to  a white  crystalline  solid. 

HgS04  -b  2NaCl  = HgClo  -b  2Sla3S04 

Mercuric  Sodium  Merciiric  Sodium 

sulphate.  chloride.  chloride.  sulphate. 


Mercuric  chloride  is  a very  poisonous  substance ; it  is 
soluble  in  water,  but  if  the  solution  is  kept  exposed 
to  light  it  slowly  decomposes,  depositing  mercurous 
chloride  (calomel).  A weak  aqueous  solution  of 
mercuric  chloride  (1  part  in  1,000  of  water)  is  a 
powerful  germicide,  and  is  largely  used  in  surgery 
as  an  antiseptic  lotion ; in  using  it,  care  should 
be  taken  not  to  dip  articles  of  gold,  such  as  rings, 
into  it,  as  they  would  quickly  become  coated  with 
metallic  mercury.  It  coagulates  albumen,  forming 
an  insoluble  compound ; white  of  egg  is  therefore 
used  as  an  antidote  in  cases  of  poisoning  by  corrosive 
sublimate. 

Mercurous  chloride  (HgoCh). — This  largely- 
employed  mercurial  preparation  is  also  known  as 
calomel  and  subchloride  of  mercury.  It  is  prepared  by 
heating  a mixture  of  mercurous  sulphate  and  sodium 
chloride  (common  salt),  when  the  calomel  that  is 
formed  volatilises,  and  the  vapour  is  conveyed  into  a 
cool  chamber,  within  whicli  it  condenses  to  a white 
powder. 
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Hg.SO,^  + 2NaCl 


-1-  NaoSO_^ 


Mercurous  Sodium 

sulphate.  chloride. 


Mercurous 

chloride. 


Sodium 

sulphate. 


As  the  mercurous  sulphate  is  apt  to  be  contamin- 
ated with  mercuric  sulphate,  so  calomel  is  apt  to  be 
contaminated  with  corrosive  sublimate  formed  from 
the  mercuric  sulphate  ; the  calomel  must  be  freed 
from  this  impurity  by  thoroughly  washing  it  with  hot 
water,  until  the  washings  cease  to  show  the  presence 
of  corrosive  sublimate,  as  indicated  by  their  ceasing 
to  give  a black  precipitate  with  ammonium  sulphide. 
As  calomel  is  given  in  fairly  large  doses  (5  to  10  grains), 
it  is  most  important  that  it  should  be  thoroughly 
freed  from  the  poisonous  corrosive  sublimate.  A 
simple  test  for  the  detection  of  the  latter  impurity  in 
calomel  is  to  place  some  of  the  calomel  on  a clean 
knife-blade,  moisten  it  with  a few  drops  of  alcohol, 
and  allow  it  to  remain  for  a few  minutes,  when  a 
black  spot  will  be  produced  on  the  blade  if  corrosive 
sublimate  is  present. 

Another  method  of  preparing  calomel  is  to  precipi- 
tate it  from  a solution  of  mercurous  nitrate  by  means 
of  hydrochloric  acid. 


Hg.(N03)2  + 2HC1  = Hg2Cl3  -f  2HNOo 


This  process  is  not  employed  for  the  preparation  of 
the  calomel  used  in  medicine,  the  sublimation  process 
always  being  used  for  the  commercial  production  of 
calomel. 

Mercuric  iodide  (Hgl2),  also  known  as  the 
hiniodide  of  mercury  and  the  red  iodide  of  mercurij., 
is  prepared  by  precipitating  a solution  of  mercuric 
chloride  with  potassium  iodide.  It  is  thrown  down  at 
hrst  as  a yellow  precipitate,  rapidly  changing  to  red. 


Mercurou.s 

nitrate. 


Hydrochloric 

acid. 


Mercurous 

chloride. 


Nitric 

acid. 
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HgClg  + 2KI  = Hgl^  + 2KC1 

Mercuric  rota.ssium  Mercuric  Potassium 

chloride.  iodide.  iodide.  chloride. 


The  precipitated  mercuric  iodide  is  soluble  in 
excess  of  either  mercuric  chloride  or  of  iodide  of 
potassium,  but  especially  in  the  latter ; with  excess  of 
potassium  iodide  it  forms  a soluble  double  iodide 
(HgIo,2KI),  which  is  a very  convenient  and  fre- 
quently employed  form  of  administering  mercury 
internally.  This  is  generally  done  by  prescribing 
together  a suitable  dose  of  perchloride  of  mercury 
[Liquor  hydrargyri  perchloride)  with  excess  of  potas- 
sium iodide.  A weak  solution  of  this  double  iodide 
(1  part  in  2,000  or  3,000  of  water)  is  also  a powerful 
germicide  and  disinfectant,  and  is  employed  as  an 
antiseptic  lotion.  Nessleds  solution  is  a solution  of 
this  double  iodide  of  mercury  and  potassium  mixed 
with  caustic  potash.  It  constitutes  an  extremely 
delicate  test  for  ammonia,  and  can  be  used  for  the 
detection  of  most  minute  quantities  of  ammonia  in 
drinking  waters,  imparting  a yellow  or  brownish  tint 
to  the  water,  according  to  the  amount  of  ammonia 
present.  This  test  is  known  as  Nessler's  test. 

ITIcrciii’oiis  iodide  (Hg^Ig),  also  known  as 
the  green  iodide  of  mercury.,  is  prepared  by  direct 
combination  of  its  elenvents  in  suitable  proportions — 
i.e.  by  rubbing  200  parts  of  mercury  with  127  parts  of 
iodine  and  a little  alcohol,  the  latter  being  used  to 
prevent  elevation  of  temperature,  due  to  the  chemical 
action  taking  place. 

JUeB’ciiric  iiiti’atc  (Hg(N03)2-f- SH^O)  is  pre- 
pared by  the  action  of  strong  nitric  acid  with  heat 
on  the  metal  mercury. 

3Hg  -f  8HNO3  = 3Hg(N0.3)o  -f  2NO  q-  4HoO 

Mercury.  Nitric  • Mercuric  Nitrogen  Water 

acki.  nitrate.  dioxide. 
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JYIerciiroiis  iiiirate  (Hg,(NO,),  + 2H,0)  is 
pi-eparecl  by  the  action  of  moderately  dilutecr  nitric 
acid  in  tlie  cold  on  the  metal  mercury. 


GUg  + 8HNO3  = 
Mercury.  Nitric 

acid. 


3Hg,(N03), 

Mercurous 

nitrate. 


f 2NO  + 4H2O 

Nitrogen  Water, 
dioxide. 


Mercuric  cyanide  (Hg(CN)2).— If  red  mer- 
curic oxide  IS  digested  in  dilute  hydrocyanic  acid,  it 
dissolves,  and  mercuric  cyanide  is  afterwards  deposited 
in  crystals. 


HgO  2HCN  = Hg(CN),  -f  HoO 

Mercuric  Hydrocyanic  Mercuric  " Water, 

oxide.  acid.  cyanide. 

Aniinoniated  mercury  (NH.HgCl).  — This 
compound,  commonly  known  as  infusible  white  'pre- 
cipitate, is  mercuric  ammonium  chloride ; that  is,  it 
consists  of  ammonium  chloride  from  which 

two  atoms  of  the  monad  hydrogen  have  been  displaced 
by  one  atom  of  the  dyad  mercury,  as  is  rendered 
evident  by  inspection  of  their  graphic  formulae. 


H I 
Cl 


Ammonium 

chloride. 


Cl 


Ammoniated 

mercury 


It  is  obtained  as  a white  precipitate  by  pouring 

an  excess  of  ammonia  into  a -solution  of  mercuric 
chloride. 


J 
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HgCl,  + 2NHj  = NHgHgCl  + NH^Cl 

Mercuric  Ammonia.  Ammoiiiated  Ammonium 

chloride.  mercury.  chloride. 

Fusible  white  precipitate  (HgClolNHg)^) 
is  prepared  by  adding  a solution  of  mercuric  chloride 
to  a boiling  solution  of  ammonium  chloride  and 
ammonia. 

Mercuric  sulpliirte  (HgS). — This  exists  in 
nature  as  cinnabar ; it  constitutes  the  pigment  wr- 
milion,  which  is  prepared  by  rubbing  together  mercury 
and  sulphur,  when  the  black  amorphous  mercuric 
sulphide  is  obtained,  which  on  heating  sublimes  as 
vermilion  ; the  composition  of  the  sulphide  is  not 
changed  by  the  heat,  but  the  black  amorphous  sul- 
phide becomes  converted  into  the  red  crystalline 
variety.  Etliio'p's  mineral.,  formerly  employed  in 
medicine,  is  a mixture  of  the  black  mercuric  sulphide 
and  free  sulphur  ; it  is  obtained  by  rubbing  mercury 
with  excess  of  sulphur. 

Mercuric  olcate. — This  substance,  which  is  nosv 
frequently  used  as  an  external  application  in  certain 
skin  diseases,  is  prepared  by  dissolving  yellow  mercuric 
oxide  in  oleic  acid. 

Test  for  Mercury. 

All  solid  mercury  compounds  if  mixed  with  lime 
or  sodium  carbonate,  and  then  heated  in  a dry  test- 
tube,  yield  a sublimate  of  metallic  mercury  on  the 
cool  sides  of  the  tube ; this  sublimate,  when  rubbed 
with  a glass  rod,  produces  the  characteristic  globules 
of  mercury. 

Tests  for  Mercuric  Salts. 

(i)  Sulphuretted  hydrogen  gives  a black  pre- 
cipitate of  mercuric  sulphide  ; if  the  solution  of  the 
mercuric  salts  is  strong,  the  precipitate  may  at  first 
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come  clown  of  a yell owish-white  colour ; afterwards, 
as  more  sulphuretted  hydrogen  passes  in,  the  light- 
coloured  precipitate  passes  through  successive  stages 
of  dark  yellow,  orange,  and  brown,  to  a black  colour ; 

o ir  stages  are  due  to  the  gradual  divsplace- 
ment  of  the  acid  radicle  of  the  mercury  salt  by  the 
sulphur.  ^ 

(ii)  Ammonium  sulphide  also  precipitates  the 
black  mercuric  sulphide. 

(iii)  Potassium  iodide  gives  with  a solution  of  a 
mercuric  salt  a precipitate  of  red  mercuric  iodide,  the 
precipitate  being  thrown  down  at  first  of  a yellowish 
colour,  rapidly  changing  to  red ; it  is  soluble  in  excess 
of  either  the  mercuric  salt  or  of  potassium  iodide  but 
especially  in  the  latter. 

(iv)  If  a solution  of  a mercuric  salt  is  acidified 
with  a few  drops  of  hydrochloric  acid,  and  then  boiled 
tor  a few  minutes  with  a strip  of  bright  copper  foil 
the  metal  mercury  is  deposited  on  the  surface  of  the 
strip  or  copper,  giving  to  it  a characteristic  lustre 
resembling  polished  silver  ; if  the  strip  of  copper  is 
washed  with  water,  carefully  dried,  and  then  heated 

^ sublimate  of  metallic  mercury 
will  be  obtained  on  the  sides  of  the  tube  ; this  sub- 
limate when  rubbed  with  a glass  rod,  produces  the 
Characteristic  globules  of  mercury ; or  a scale  of 
iodine  may  be  introduced  to  the  bottom  of  the  tube 
which  IS  then  gently  warmed  so  as  to  slightly  vola- 

^ vapour  of  the  iodine  unites 
with  the  mercury,  and  converts  it  into  the  yellow 
iodide,  which  in  its  turn  changes  to  the  scarlet 
mercuric  iodide. 


(v)  Caustic  potash  and  caustic  soda  both  <»ive 
with  solutions  of  mercunc  salts  a yellow  precipitate 
ot  mercuric  oxide. 
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Tests  for  Mercurous  Salts. 

(i)  Hydrochloric  acid  gives,  with  a solution  of 
a mercurous  salt,  a white  precipitate  of  mercurous 
chloride  (calomel) ; this  is  blackened  by  the  addition  of 
ammonia,  owing  to  the  formation  of  the  black  mercu- 
rous ammonium  chloride  (NPl2Hg3Cl),  the  mercurous 
analogue  of  ammoniated  mercury  (NHgHgCl). 

(ii)  Potassium  iodide  gives  a dirty-green  precipi- 
tate of  mercurous  iodide. 

(hi)  Caustic  potash  and  caustic  soda  both  give  a 
black  precipitate  of  mercurous  oxide. 

It  will  be  noticed  that  the  metals  treated  in  this 
chapter  form  the  right-hand  half  of  the  second  column 
in  the  classification  given  on  page  206.  It  will  be 
convenient  to  note  here  some  of  their  points  of  resem- 
blance. They  are  all  ductile  metals  and  are  divalent, 
their  volatility  increases  as  their  atomic  weight  rises ; 
thus,  zinc  boils  at  940°,  cadmium  at  760°,  mercury  at 
357°.  Magnesium,  zinc,  and  cadmium  all  burn  with 
a flame  when  heated  in  air  forming  the  oxides 
MgO,  ZnO,  CdO  ; they  all  form  sulphates  which  are 
isomorphous  and  have  the  formula  MgS04  + 7HoO, 
etc.  ; these  sulphates  are  soluble  in  water.  The  spectra 
of  these  three  elements  present  many  points  of  simi- 
larity. Mercury  differs  in  several  respects  from  the 
other  members  of  the  group,  thus  it  forms  two  oxides, 
its  sulphate  is  anhydrous,  and  it  does  not  burn  with 
flame  when  heated  in  the  air. 


CHAPTER  V. 


ALUMINIUM — TIN — LEAD. 

AJuminmm— Natural  Compounds  of  Aluminium— Preparation  and 
Properties  of  the  Metal  Aluminium— Alums — Preparation  of 
tli6  Alutniriiuiii  Stilts  Tests  for  Aluminiiim — Tin — Prepfirfi" 
tion  and  Properties  of  the  Metal  Tin— Tin  Salts— Tests  for  Tin 
^Occurrence  in  Nature — Preparation  and  Proj^erties  oi 
the  Metal  Lead— Action  of  Acids  on  Lead— Oxides  of  Lead- 
Preparation  of  the  Lead  Salts— Tests  for  Lead. 

ALUMINIUM. 

Symbol,  Al;  triad;  atomic  weight,  27;  specific 
gravity,  2-57  ; melts  at  654°. 

coBiipoiiiids  of  a^liiDniiiiiiiii.  — (1) 

Aluminium  occurs  largely  in  nature  combined  witli 
silica  ; the  different  forms  of  clay  consist  of  aluminium 
silicate ; felspar,  granite,  mica,  alum-shale  or  schist, 
all  contain  aluminium  silicate.  (ii)  Cryolite  is  a 
double  fluoride  of  aluminium  and  sodium.  (iii) 
Bauxite  is  an  impure  form  of  aluminium  hydrate, 
(iv)  The  precious  stones,  the  ruby  and  the  sapphire, 
and  the  polishing  powder  known  as  emery  powder, 
consist  mainly  of  aluminium  oxide  or  alumina 
(ALO3). 

Prepai'Rtioii  and  properties  of  tlie  metal 
aHimiiiiiini.—The  oxide  of  aluminium  cannot  be 
deprived  of  its  ox3'-gen  by  means  of  charcoal  at  any 
temperature,  since  the  reaction  Al^Og  + 3C  is  endu- 
tlieimic  and  is  attended  with  the  absorption  of  a 
laige  amount  of  heat ; the  metal  can  be  obtained  by 
reducing  aluminium  chloiide  by  means  of  the  metal 
sodium,  the  sodium  uniting  with  the  chlorine,  and  the 
metal  aluminium  being  set  free.  All  the  aluminium  at 
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the  present  time  is  obtained  by  the  aid  of  electricity  , 
pure’ alumina  (AUOg)  is  dissolved  in  fused  cryolite 
(3NaF,AlF3),  and'^the  melted  liquid  decomposed  by  a 
powerful  current  of  electricity.  Aluminium  is  a 
light,  white  metal,  remaining  unchanged  in  both  dry 
and  moist  air.  Dilute  sulphuric  and  hydrochloric 
acids  both  act  on  the  metal  aluminium,  forming 
respectively  the  sulphate  and  chloride,  with  evolution 
of  hydrogen.  It  is  practically  unaffected  by  nitric 
acid;  it  is  dissolved  by  alkalies  and  by  organic  acids 
in  the  presence  of  sodium  chloride.  It  is  much  used 
for  telescopes,  opera-glasses,  cooking  vessels,  etc.,  on 
account  of  its  lightness.  It  forms  a valuable  alloy 
with  copper,  CugAl,  aluminium  bronze,  which  is  as 
strong  as  steel  and  has  the  advantage  of  not  rusting. 
Aluminium  is  a good  conductor  of  electricity  and  a 

very  powerful  reducing  agent. 

Aluiiiiiiium  oxide  or  aluiMiiia  (AI3O3).  — 
This  oxide  may  be  prepared  either  by  heating  the 
precipitated  aluminium  hydrate, — 


2A1(H0)3  = AI2O3  + 3H2O 

Aluminium  Aluminium  Water; 

hydrate.  oxide. 


or  by  heating  ammonia  alum,  when  ammonium 
sulphate  and  sulphur  trioxide  will  be  volatilised  by 
the  heat,  the  aluminium  oxide  being  left, — 


A1o(SO,)3,(NII,)2SO, 

Ammonia  alum. 


= AI3O3  + (NH,)2S0,  + 3SO, 

Aluminium  Ammonium  Sulphur 
oxide.  sulphate,  trioxide. 


Alaiiiiiiitim  liydrate  (Al(HO)  3)  is  prepared 
by  the  addition  of  an  alkali  to  solution  of  ammonia 
aium  or  potash  alum  ; it  is  a gelatinous  precipitate, 
which  possesses  the  power  of  fixing  or  combining  with 
vegetable  dyes,  and  hence  is  used  as  a mordant ; it 
is  also  employed  in  the  chemical  treatment  of  sewage, 
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Oil  account  of  its  property  of  entangling  and  carrying 
down  suspended  matters. 


Aluminium  Salts. 

Amiiioiiia  aliiiii  (A1^(S0^3,  (NH4)2SO^  + 
24H2O).  — This  is  prepared  by  mixing  solutions  of 
aluminium  sulphate  and  ammonium  sulphate,  evapor- 
ating the  mixed  solution  and  setting  it  aside,  when  the 
alum  crystallises  out.  The  aluminium  sulphate  is 
obtained  either  by  the  action  of  strong  sulphuric  acid 
with  heat  on  clay,  or  by  roasting  alum-shale  in  the 
air.  Alum-shale  is  a hardened  clay  containing  iron 
pyrites  (FeSo) ; when  roasted  the  sulphur  becomes 
oxidised  to  sulphuric  acid,  which  forms  aluminium 
sulphate  by  its  action  on  the  silicate,  ferric  oxide 
being  also  produced  ; on  boiling  the  roasted  shale  with 
water,  the  aluminium  sulphate  is  dissolved  out,  ferric 
oxide  being  left  insoluble. 

Potash  alum  (Alo(SOj3,  K^SO^  + 24H2O).— 
This  is  prejDared  by  a process  similar  to  that  used  for 
making  ammonia  alum,  with  the  substitution  of 
potassium  sulphate  for  ammonium  sulphate 

If  potash  alum  be  deprived  of  its  water  of  crystal- 
lisation by  heating,  the  anhydrous  alum  is  known  as 
burnt  alum. 

There  are  alums  which  contain  no  aluminium, 
such  as  iron  alum  (Fe2(SOj3,  K2SO4  -f  24H2O),  and 
chrome  alum  (Cr2(S04)3,  KgSO^  + 24H2O) ; so  that 
the  term  “ alum  ” is  used  for  bodies  which  may  or 
may  not  contain  aluminium.  The  term  alum  when 
used  in  this  extended  sense  simply  means  a double 
sulphate,  having  the  formula  M2(SO^)3  -f  + 

24H2O  (where  M may  be  aluminium,  ferric  iron, 
chromium  or  manganese,  and  N potassium,  sodium, 
ammonium,  rubidium,  silver,  etc.),  and  crystallising 
in  octaliedra. 
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AliiiiBiilium  chloride  (AICI3)  is  prepared  by 
passing  a stream  of  chlorine  over  a mixture  of  alumina 
and  charcoal  raised  to  a red  heat,  when  the  aluminium 
chloride  volatilises  and  condenses  on  cooling  to  a 
white  solid. 

AI2O3  + 3C  -1-  6C1  = 2AICI3  + SCO 

Alumininm  Carbon.  Chlorine.  Aluminium  Carbon 

oxide.  chloride.  monoxide. 


Tests  for  Aluminium. 

(i)  Aluminium  salts  give  with  solution  of  ammonia 
a white  gelatinous  precipitate  of  aluminium  hydrate 
A1(H0)3,  insoluble  in  excess  of  ammonia. 

(ii)  With  ammonium  sulphide  aluminium  salts 
also  ^ve  a precipitate  of  aluminium  hydrate,  sulphur- 
etted hydrogen  being  evolved.  Ammonium  sulphide 
does  not  precipitate  the  sulphide,  because  aluminium 
sulphide  is  decomposed  by  water  into  the  hydrate  and 
sulphuretted  hydrogen. 

AI0S3  + 6H2O  ==  2A1(H0)3  + SHoS 

Alunriniura  Water,  Aluminium  Sulphuretted 

sulphide.  hydrate.  hydrogen. 

(iii)  With  the  fixed  alkalies,  caustic  potash  and 
caustic  soda,  aluminium  salts  yield  a precipitate  of 
aluminium  hydrate,  soluble  in  excess  of  either  fixed 
alkali. 

(iv)  If  a solid  aluminium  compound  be  heated  on 
charcoal  before  the  blowpipe,  it  leaves  an  infusible 
mass  of  AI2O3  which  glows  in  the  flame;  if  this  be 
moistened  with  Co(N03)2  and  again  made  red  hot,  a 
fine  blue  mass  is  obtained. 

Aluminium  is  the  only  commonly  occurring  metal 
in  the  third  column  of  the  classification  (p.  20G).  The 
other  metals  in  this  group  are  rare.  The  oxide  of 
thorium  is  the  chief  constituent  of  the  Welsbach 
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incandescent  mantle  (95 — 99  per  cent.),  the  other 
constituent  being  oxide  of  cerium. 


Symbol,  Sn  ; dyad  and  tetrad;  atomic  weight,  119; 
specific  gravity,  7-3  ; melts  at  232°. 

Natiiral  compounds  of  tin.— The  principal 
tin  ore  is  tinstone  or  stannic  oxide  (SnOo),  which  is 
found  in  Cornwall,  Saxony,  Bohemia,  Peru,  Mexico, 
Banca,  and  Australia.  ’ 

Preparation  ami  properties  of  the  metal 

tin. — The  tin  ore  is  first  roasted  to  expel  arsenic  and 
sulphur,  and  the  stannic  oxide  is  then  reduced  to  the 
metallic  state  by  heating  it  with  anthracite  coal  or 
powdered  charcoal.  Tin  is  a soft  and  very  malleable 
metal ; it  can  therefore  be  rolled  out  into  thin  foil 
(tin-foil).  It  does  not  lose  its  lustre  on  exposure  to 
the  air  at  ordinary  temperatures,  and  is  used  to  coat 
iron  to  prevent  the  latter  from  rusting,  tin-plate  consist- 
ing of  thin  sheets  of  iron  coated  with  tin.  A bar  of 
tin  when  bent  emits  a peculiar  noise,  the  so-called  cry 
of  tin,  produced  by  the  friction  of  the  crystals  of  the 
metal  against  one  another.  Tin  enters  into  the 
composition  of  several  very  useful  alloys ; bronze  or 
gun  mfial  is  an  alloy  of  copper  and  tin  ; britannia 
metal  is  composed  of  tin  and  antimony  ; solder  consists 
of  tin  and  lead  ; pewter  is  also  an  alloy  of  tin  and 
lead.  With  mercury  it  forms  an  amalgam  used  to 
coat  the  backs  of  looking-glasses. 

Action  of  acids  on  the  metal  tin. Hot 

con^ntrated  hydrochloric  acid  forms  stannous  chloride 
(SnCl2)  with  evolution  of  hydrogen. 


TIN. 


Sn  + 2HC1  = SnClo 


Hydrochloric  Stannous 

*^cid.  chloride, 


+ 

Hydrogen. 
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Hot  strong  sulphuric  acid  forms  stannous  sulphate 
(SnSO^),  and  liberates  sulphur  dioxide. 

Sn  + 2H,S0,  = SnSO^  + SOo  + 2^0 

Tin.  Sulphuric  Stannous  Sulphur  Water, 

acid.  sulphate.  dio.xide. 


Strong  nitric  acid  acts  energetically  on  tin  with 
the  production  of  a white  powder,  nietastannic  acid, 
and  the  evolution  of  nitrogen  tetroxide. 


5Sn  + 2OHHO3 

Tin  Nitric 

acid. 


HioSnjOis  + 20NOj  + 5H3O 

Metastanuic  Nitrogen  Water, 

acid.  tetroxide. 


Stannic  oxide  (SnOo)  is  prepared  by  heating 
metastannic  acid,  the  product  of  the  action  of  nitiic 
acid  on  tin. 

H^oSn^O^g  = 5SnOo  + SHgO 

Metastannic  Stannic  Water, 

acid.  oxide. 

Stannic  oxide  is  used,  under  the  name  of  'putty- 
powder,  as  a polishing  powder  for  plate,  lenses,  etc. 


Tin  Salts. 

There  are  two  classes  of  tin  salts,  stannous  and 
stannic  ; in  the  former  the  tin  is  only  exerting  one 
half  of  its  atomicity,  viz.  as  a dyad  ; in  the  latter  it 
is  exerting  its  full  atomicity  as  a tetrad. 

StnDinons  chloride  (SnCb  + 2HoO)  is  pre- 
pared by  the  action  of  hot  concentrated  hydrochloric 
acid  on  tin.  This  salt  is  used  commercially,  under 
the  name  of  tin-salt,  in  dyeing  and  for  purposes  of 
reduction. 

Stannic  chloride  (SnCl.^)  is  prepared  by  passing 
ehlorine  into  a solution  of  stannous  chloride,  01  by 


passing  dry  chlorine  over  melted  tin ; it  is  a £umin<y 
liquid. 

Tests  for  Tin. 

(i)  Sulphuretted  hydrogen  gives  with  an  acidified 
solution  of  a stannous  salt  a brownish-black  pre- 
cipitate of  stannous  sulphide,  and  with  an  acidified 
solution  of  a stannic  salt  a yellow  precipitate  of 
stannic  sulphide ; both  sulphides  are  soluble  in 
ammonium  sulphide. 

(ii)  Soluble  stannous  salts  act  as  reducing  agents, 
whereas  stannic  salts  have  no  reducing  action.  For 
instance,  if  a solution  of  stannous  chloride  be  added  to 
a solution  of  mercuric  chloride,  calomel  (mercurous 
chloiide)  will  be  thrown  down,  owing  to  the  stannous 
chloiide  abstracting  one-half  of  the  chlorine  from  the 
mercuric  chloride  to  form  stannic  chloride. 


2HgCl, 

Mercuric 

cliloride. 


+ SnCl2 

Stannous 

chloride. 


= HggClg 
Mercurous 
chloride. 


+ SnCl^ 

stannic 

chloride. 


If  more  stannous  chloride  be  now  added,  it  will 
abstract  all  the  chlorine  from  the  precipitated  calomel, 
forming  the  metal  mercury  in  a fine  state  of  division’ 
and  more  stannic  chloride.  ’ 


Hg2Cl2  -f  SnCb 

Mercurous  Stannous 

cliloride.  chloride. 


2Hg  + SnCl, 

Mercury.  Stannic 

chloride. 


On  account  of  the  white  and  subsequently  grey 
appearances  of  the  precipitate  this  test  was  formerly 
known  as  the  magjne  test  for  mercury. 

(iii)  If  a solid  tin  compound  be  heated  on  char- 
coal with  potassium  cyanide  and  sodium  carbonate,  a 
white  malleable  globule  of  tin  is  obtained. 
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LEAD. 

Symbol,  Pb ; dyad  ; atomic  loeight,  207  ; sincijic 
gravity,  11*2  ; melts  at  326°. 

Natural  com  pounds  of  lead. — The  principal 
lead  compound  occurring  in  nature  is  galena,  sulphide 
of  lead  (PbS),  which  always  contains  small  quantities 
of  sulphide  of  silver ; lead  is  also  naturally  found  in 
small  quantities  as  the  sulphate  and  carbonate. 

Preparation  of  tlie  nietal  lead. — The  prin- 
cipal process  for  the  extraction  of  lead  from  galena  is 
known  as  the  air  reduction  process.  It  consists  in 
roasting  the  galena  in  a furnace  in  a current  of  air, 
so  as  to  convert  it,  in  part,  into  the  sulphate  and 
oxide. 

PbS  -f-  2O2  = PbSO^ 

Galena.  Oxygen.  Lead  sul]3liate. 

2PbS  -f  3O2  = 2PbO  + 2SO2 

Galena.  Oxyge^u.  Lead  Sulpluir 

oxide.  dioxide. 

The  current  of  air  is  then  shut  off,  and  the 
temperature  of  the  furnace  is  raised,  when  the  un- 
decomposed galena  reduces  both  the  sulphate  and 
oxide  to  the  metallic  state,  with  evolution  of  sulphur 
dioxide. 


PbSO* 

Lead 

sulphate. 

+ 

PbS  = 

Galena. 

2Pb 

Lead 

+ 

2SO2 

Sulphur 

dioxide. 

2PbO 

Lead 

oxide. 

+ 

PbS  = 

Galena. 

3Pb 

Lead. 

+ 

SO2 

Sulphur 

dioxide. 

Lead  thus  prepared  contains  silver,  which,  if 
present  in  sufficient  quantity  to  pay  for  its  ex- 
traction, is  obtained  by  converting  the  lead  into  lead 
oxide,  which  is  removed,  the  silver  remaining  un- 
changed. The  process  by  which  this  is  effected  is 
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i\\Q  cupellation  process ; it  consists  in  roastin*^ 
the  lead  in  a reverberatory  furnace  (Fig.  24),  the 
door  or  hearth  of  which  is  lined  with  porous  clay  or 
bone  ash ; the  lead  (a)  melts  and  oxidises  to  lead 
oxide  under  the  influence  of  blasts  of  air  admitted 
through  openings  {a  a)  ; most  of  this  lead  oxide  in  a 
molten  condition  flows  away  by  side  openings,  whilst 
the  remainder  is  absorbed  by  the  porous  clay  or 
bone-ash,  pure  silver  being  finally  left  on  the  hearth 
ot  the  furnace  in  a molten  state.  From  the  lead 


Fig.  24.  Section  of  the  Furnace  Employed  in  the  Ciipellation  Process. 


oxide  produced  in  this  process,  metallic  lead  may  be 
obtained  by  reduction  with  charcoal  or  coal.  The 
removal  of  silver  from  a quantity  of  lead,  in  the 
metallic  state,  may  be  effected  by  means  of  Pattin- 
son  s 2yrocess,  which  depends  upon  the  fact  that  the 
metal  lead  is  less  easily  fusible  than  an  alloy  of  silver 
and  lead.  The  lead  containing  the  silver  is  melted 
and  then  allowed  to  cool  gradually  ; the  part  solidi- 
fying out  hrst  consists  of  crystals  of  pure  lead,  which 
can  be  raked  out  by  means  of  a perforated  iron  ladle  • 
by  a systematic  repetition  of  this  process,  lead  con- 
taining 3 to  4 oz.  of  silver  per  ton  can  be  separated 
into  a portion  containing  less  than  1 oz.  per  ton  and 
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a rich  alloy  containing  75 — 80  oz,,  which  is  submitted 
to  the  cupellation  process.  Small  quantities  of  silver 
can  also  be  separated  from  lead  by  agitating  it  ^yith 
5 per  cent,  of  zinc,  the  zinc  dissolves  out  tlie  silver 
from  the  melted  lead  and  rises  to  the  top.  The  zinc 
is  tlien  distilled  off  from  the  silver.  {Parkes'  jirocess.) 

Properties  of  the  metal  lead. — Lead  is  a 
lustrous,  bluish-grey  metal,  soft  enough  to  be  cut  with 
a knife,  and  to  leave  a mark  on  paper  when  drawn 
across  it;  it  is  malleable  and  ductile,  but  is  not  a good 
conductor  of  heat  and  electricity  as  compared  with 
many  other  metals.  If  lead  is  exposed  to  perfectly 
dry  air,  it  does  not  oxidise  or  tarnish,  but  if  exposed 
to  moist  air,  it  soon  becomes  covered  with  a film  of  the 
double  carbonate  and  hydrate  of  lead  ; similarly,  if  lead 
is  immersed  in  distilled  water  which  has  been  boiled  to 
deprive  it  of  all  dissolved  air,  it  remains  unaffected 
by  the  water,  but  soft  water  containing  air  in  solution 
attacks  lead,  the  oxygen  of  the  air  forming  lead  oxide, 
which  is  then  dissolved  by  the  water  as  lead  hydrate 
in  small  but  appreciable  quantities.  This  is  one  way 
in  which  a drinking  water,  passing  through  leaden 
pipes,  may  become  contaminated  with  lead.  The 
cori-osive  action  of  a water  on  lead  is  much  increased 
by  the  presence  in  it  of  chlorides,  nitrates,  nitrites, 
and  of  ammonia,  whereas  the  presence  of  sulphates,  of 
calcium  carbonate  (held  in  solution  as  bicarbonate 
by  a moderate  excess  of  carbon  dioxide),  and  of  phos- 
phates, hinders  corrosion.  Some  soft  waters,  notably 
some  moorland  waters,  have  a powerfully  solvent 
action  upon  lead,  due  in  some  cases,  perhaps,  to  the 
presence  of  acids  in  the  water,  either  humic  or  iilraic 
acid  derived  from  the  soil,  and  whole  villages  have 
thus  been  poisoned  ; hard  water,  such  as  that  from 
the  Thames,  the  Trent,  etc.,  does  not  act  upon  lead. 

Metallic  lead  is  largely  used  in  the  manufacture  of 
pipes,  as  a covering  for  roofs,  etc.  Lead  is  contained 
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in  several  alloys,  the  most  important  of  which  are, 
type-metal,  an  alloy  of  lead,  antimony,  and  tin  ; ])ewier 
and  soft  solder,  alloys  of  lead  and  tin  ; shot,  an  alloy 
of  lead  with  a small  quantity  of  arsenic  (not  more 
than  0‘8  part  in  100),  which  possesses  the  property 
of  hardening  the  lead. 

Action  of  acids  on  the  metal  lead. — Hydro- 
chloric and  sulphuric  acids  have  no  action  on  lead  in  the 
cold,  but  both  acids  attack  this  metal  when  boiling  and 
concentrated.  Nitric  acid  readily  acts  on  lead,  form- 
ing lead  nitrate,  and  evolving  nitrogen  dioxide. 


3Pb  + 

Lead. 


8HNO3  = 3Pb(N03)2  -h 

Nitric  Lead 

acid.  nitrate. 


2NO  + 4H3O 

Nitrogen  Water, 

dioxide. 


Lead  oxides. — There  are  three  important  oxides 
of  lead,  the  oxide,  dioxide,  and  red  lead. 


PbO  . . Lead  oxide. 

Pb.j04  . . Red  lead. 

Pb02  . . Lead  dioxide  or  peroxide. 

Lead  oxide  (PbO)  is  prepared  by  the  oxidation  of 
the  metal  lead,  by  roasting  it  in  air.  In  the  amorphous 
state  it  forms  a dirty  yellow  powder  (massicot)  ; if 
fused  and  solidified,  it  forms  brighter,  reddish-yellow 
scales  (litharge). 

This  oxide  is  largely  used  in  the  manufacture  of 
flint  glass,  and  as  a cheap  glaze  for  earthenware. 
Nitric  acid  dissolves  litharge,  forming  lead  nitrate 
and  water. 

PbO  + 2HNO3  = Pb(N03)3  + H2O 

Lead  Nitric  Lead  Water. 

oxide.  acid.  nitrate. 
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Hydrochloric  acid  and  litharge  form  lead  chloride 
and  water. 

PbO  + 2HC1  = PbCl^  -f-  H,0 

Lead  Hydrochloric  Lead " Water. 

oxide.  acid.  chloride. 

Red  lead  (PbgO^),  also  known  as  minium,  is 
prepared  by  heating  lead  oxide  (PbO)  in  air  to  400° 
for  some  time,  when  it  absorbs  oxygen  and,  becoming 
of  a bright  red  colour,  produces  red  lead.  If  red  lead 
be  strongly  heated,  it  liberates  the  oxygen  absorbed 
from  the  air,  and  returns  to  the  condition  of  litharge ; 
nitric  acid  decomposes  it,  dissolving  two-thirds  of  the 
lead,  and  leaving  unattacked  the  other  third  as  lead 
dioxide  (PbOg) ; hydrochloric  acid  warmed  with  red 
lead  forms  lead  chloride  with  evolution  of  chlorine, 
the  latter  being  produced  by  the  action  of  the  hydro- 
chloric acid  on  the  lead  dioxide  {see  below). 

Lead  dioxide  (Pb02)  is  also  known  as  lead  jieroxide, 
and,  on  account  of  its  brown  colour  with  a purple 
tinge,  is  sometimes  called  the  iiuce- coloured  oxide  of 
lead.  It  is  obtained,  as  previously  stated,  by  the 
action  of  nitric  acid  on  red  lead.  On  account  of  this 
action  of  nitric  acid,  it  has  been  suggested  that  red 
lead  is  a compound  of  two  molecules  of  litharge  com- 
bined with  one  molecule  of  the  peroxide  (2Pb0,Pb02). 

Pb304  + 4HNO3  = 2Pb(H03)3  + 

Red  lead.  Nitric  Lead 

acid.  nitrate. 

PbOj  + 2H2O 

Lead  Water, 

dioxide. 

Lead  dioxide  if  heated  loses  one-half  of  its  oxygen, 
and  is  converted  into  the  monoxide ; hydrochloric 
acid  acts  on  it  forming  lead  chloride,  with  evolution 
of  chlorine. 
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PbO.  + 

Load 

dioxide. 


4HC1  = 

Hydrochloric 

acid. 


PbCl,  + Cl,  + 

Lead  Chlorine, 

cliloiide. 


2IT,0 

Water. 


Salts  of  Lead. 


tcad  acetate  (Pb(C,H30,)„  + 3H,0).-.TIns 
salt,  on  account  of  its  sweet  taste,  is  commonly  known 
as  su(/ar  oj  lead  ; it  is  prepared  by  dissolving  litharge 
in  acetic  acid  with  heat. 


PbO 

Lead 

oxide. 


+ 2HC0H.0, 

Acltio*’ 

acid. 


Pb(C,H30,), 

Lead 

acetate. 


+ 


HoO 

Water. 


P>’20(C,H30,),)._This  basic 
lead  acetate  is  prepared  by  boiling  a solution  of  lead 
acetate  with  lead  oxide. 


Pb(C,H30,), 

Lead 

acetate. 


PbO 

Lead 

oxide. 


Pb,0(C,H30,), 

Lead 

oxyacetate. 


Liquor  plumhi  subacetatis  fortis  is  a strong  solu- 
tion  of  this  oxyacetate,  and  is  frequently  termed 
ouLards  extract;  a weaker  solution  of  it  is  the 
Liquor  'plumhi  subacetatis  dilutus,  which  is  fre- 
quently used  as  a lotion,  and  is  commonly  known  as 

(^'’(^03),)  is  prepared  by  the 
action  of  nitric  acid  on  litharge,  or  on  the  metal  lead. 


PbO 

Litharge. 

+ 

2HNO3 

Nitric 

acid. 

= Pb(N03),  + 

Lead 

nitrate. 

HoO 

Water. 

3Pb 

Lead. 

+ 

8HNO3 

Nitric 

acid. 

= 3Pb(N03>, 

Lead 

nitrate. 

-f 

2NO 

Nitrogen 

dioxide. 

+ ^HgO 

Water. 
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While  lead  or  basic  lead  carboiaatc 

(2PbC03,  Pb(HO)o). — This  substance,  which  is  so 
largely  used  as  a white  paint,  is  not  the  normal 
lead  carbonate  (PbCOg),  but  a compound  containing 
carbonate  and  hydrate  of  lead.  There  are  two  methods 
of  preparing  it. 

(i)  The  English  or  French  iwocess  consists  in  pass- 
ing carbon  dioxide  gas  through  a solution  of  lead 
oxyacetate,  when  that  portion  of  the  lead  not  in  union 
with  the  acetic  radicle  is  precipitated  as  white  lead. 


3PboO(02H3O2)2  + 

Lead 

oxyacetate. 

SPbCOj,  Pb(HO)2 

White  lead. 


2CO0  + HoO  

Carbon  Water, 

dioxide. 


+ 3Pb(C2H302)o 

Lead  acetate. 


The  lead  acetate  remaining  in  solution  can  then 
be  boiled  with  litharge,  and  so  a fresh  batch  of  the 
oxyacetate  will  be  obtained  for  further  treatment 
with  carbon  dioxide. 

(ii)  The  Dutch  ]jrocess  also  consists  in  decomposing 
lead  oxyacetate  with  carbon  dioxide  in  presence  of 
moisture,  but  an  entirely  different  arrangement  is 
adopted. 

Metallic  lead  is  cast  into  gratings,  so  as  to 
expose  as  large  a surface  of  the  metal  as  possible, 
and  these  are  suspended  in  earthenware  pots  contain- 
ing a layer  of  vinegar  at  the  bottom  ; the  pots  are 
embedded  in  spent  tan  spread  on  the  floor  of  a shed. 
The  acetic  acid  of  the  vinegar  and  the  oxygen  of  the 
air  attack  the  lead,  forming  an  oxyacetate,  which  is 
immediately  decomposed,  by  the  carbon  dioxide  and 
moisture  evolved  from  the  fermenting  spent  tan,  into 
white  lead ; the  action  is  allowed  to  go  on  until  the 
conversion  is  complete,  when  the  “ stack  ” is  taken 
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down,  and  the  white  lead  ground  and  washed.  White 
lead  prejiared  by  this  process  is  more  compact,  or  has 
more  body,  than  that  made  by  the  English  or  French 
process,  and  is  tlierefore  preferred  for  painting  pur- 
poses ; when  used  as  a paint  white  lead  slowly  darkens, 
from  traces  of  sulphuretted  hydrogen  in  the  air  form- 
ing the  black  sulphide  of  lead. 

L<end  iodide  (Pblc,)  is  prepared  by  precipitat- 
ing a solution  of  lead  acetate  or  lead  nitrate  with 
potassium  iodide. 

Pb(CoH302)2  -f  2KI  = Pblo  -k  2KC0H3O3 

Lead  Potassium  Lead  Potassium 

acetate.  iodide.  iodide.  acetate. 

Iodide  of  lead  is  a bright  yellow-coloured  precipi- 
tate, insoluble  in  cold  water,  but  soluble  in  hot  water. 

f.-cad  rJiromatc  (PbCrO^)  is  pre2:)ared  by  pre 
cipitating  a solution  of  lead  acetate  or  lead  nitrate 
with  potassium  chromate. 

Pb(N03)2  -k  KsCrO^  = PbCrO^  -f  2KNO3 

Lead  Potassium  Lead  Potassiuin 

nitrate.  chromate.  chromate.  nitrate. 

Lead  chromate  is  a bright  yellow  precipitate,  and 
is  used  as  a pigment  under  the  name  of  chrome-yellow ; 
if  boiled  with  caustic  potash  or  soda  it  yields  chrome- 
red  (PbCrO^,  PbO),  an  orange-red  pigment. 


Tests  for  Lead. 

(i)  Sulphuretted  hydrogen  gives  a black  precipi- 
tate of  lead  sulphide.  This  is  the  test  employed  for 
the  detection  of  lead  in  a drinking  water,  the  absence 
of  other  metals  yielding  precipitates  with  sulphuretted 
hydrogen  being  proved  ; if  lead  is  present  in  the 
water,  a brownish  or  blackish  colour,  according  to  the 
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amount  present,  will  be  produced  on  the  addition  of 
sulphuretted  hydrogen. 

(ii)  Ammonium  sulphide  also  precipitates  the 
black  lead  sulphide. 

(iii)  Potassium  iodide  gives  a bright  yellow  pre- 
cipitate of  lead  iodide,  soluble  in  boiling  water,  and 
crystallising  out  in  golden-coloured  spangles  as  the 
solution  cools. 

(iv)  Potassium  chromate  gives  a yellow  precipitate 
of  lead  chromate,  changing  to  an  orange-red  colour  on 
boiling  with  caustic  potash  or  caustic  soda. 

(v)  Hydrochloric  acid  gives,  with  moderately 
strong  solutions  of  lead  salts,  a white  precipitate  of 
lead  chloride ; this  precipitate  remains  unaltered  on 
the  addition  of  solution  of  ammonia,  thus  distinguish- 
ing it  from  mercurous  chloride,  which  is  also  thrown 
down  as  a white  precipitate  by  hydrochloric  acid  from 
a solution  of  a mercurous  salt.  Hydrochloric  acid 
does  not  completely  precipitate  lead  from  its  solutions, 
as  lead  chloride  is  appreciably  soluble  in  cold  water, 
and  more  so  in  hot  water. 

(vi)  Sulphuric  acid  gives  with  solutions  of  lead 
salts  a white  precipitate  of  lead  sulphate. 

(vii)  If  a solid  lead  compound  be  heated  on  char- 
coal with  NaoC03  a malleable  globule  of  lead  is 
obtained,  surrounded  by  a yellow  incrustation. 

The  metals  tin  and  lead  have  several  points  of 
resemblance;  they  are  both  soft,  malleable,  easily 
reducible  metals.  TV^hen  heated  in  the  air  they  form 
oxides.  They  are  bivalent  and  tetra valent,  and  form 
two  oxides  (SnO,  SnOo)  and  two  chlorides  (SnCb, 
etc.  They  belong  to  the  same  family  of 
elements  as  the  non-metals,  carbon  and  silicon.  The 
highest  oxides  of  tin  and  lead  show  feeble  acid  pro- 
perties, but  their  salts,  the  stannates  and  plumbates, 
are  very  unstable. 
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ARSENIC — ANTIMONY — BISMUTH. 

Arsenic— Occurrence  in  Nature— Arsenious  and  Ai-senic  ‘Com- 
pounds tests  for  Arsenic  — Antimony  — Occurreiicie  in 
Nature— Preparation  of  the  Antimony  Salts— Tests  for  Anti- 
mony—Bismuth— Bismuth  Salts— Tests  for  Bismuth. 

ARSENIC. 

Symbol,  A^',  molecule,  As^;  pentad  and  triad; 
atomic  weight,  75;  molecular  weight,  300;  specific 
gravity,  5 ’7. 

Arsenic  and  phosphorus  are  the  only  elements  con- 
taining four  atoms  in  the  molecule ; their  molecular 
weights  are,  therefore,  four  times  their  atomic 
weiorhts. 

O 

Natural  compounds  of  arsenic.— (i)  The 

commonest  arsenical  ore  is  mispickel  or  arsenical  iron 
pyrites  (FeSAs).  (ii)  Two  compounds  of  arsenic  and 
sulphur  occur  in  nature,  a yellow  sulphide  named 
orpiment  (A^Sg),  and  a red  sulphide  named  realgar 
(As^So).  (iii)  Arsenious  acid  (HgAsOg)  occurs  in 
minute  amounts  in  several  mineral  springs,  as  in 
those  of  Ems,  Kissingen,  Pyrmont,  and  Schwalbach. 
The  quantity  of  arsenious  acid  present  in  these  waters 
is  too  small  to  confer  poisonous  properties  on  them 
when  drunk,  but  it  is  quite  possible  that  their  thera- 
peutic propel  ties  are  in  part  due  to  the  minute 
quantities  of  arsenic  present,  (iv)  The  metal  arsenic 
occurs  native  to  a small  extent. 

Preparation  of  tlic  metal  arsenic. The 

metal  arsenic  is  obtained  as  a sublimate  by  passing 
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the  vapour  of  arsenious  oxide  or  white  arsenic  (As^Og) 
over  heated  charcoal. 


As^Og  -|-  6C  — As^  -f-  6CO 

Arsenious  Carbon.  Arsenic.  Carbon 

oxide.  monoxide. 


Properties  of  the  metal. — Arsenic  possesses 
a steel-grey  colour  and  a metallic  lustre ; it  is  very 
brittle,  and  is  therefore  easily  pulverised.  When 
heated  in  the  air,  arsenic  volatilises  and  burns,  form- 
ing arsenious  oxide  or  white  arsenic  (As^^Og),  and 
emitting  at  the  same  time  an  unpleasant  garlic-like 
odour.  Arsenic  begins  to  volatilise  at  100°,  it  passes 
rapidly  into  vapour  at  180°,  and  can  be  melted  (500°) 
only  under  pressure.  The  only  use  to  which  the 
metal  arsenic  is  put  is  in  the  manufacture  of  shot, 
which  consist  of  lead  alloyed  with  a small  amount  of 
arsenic. 

Compounds  of  Arsenic. 

Two  classes  of  arsenical  compounds  exist,  viz.  the 
arsenious  compounds,  in  which  the  arsenic  is  only 
exerting  the  atomicity  of  a triad  ; and  the  arsenic 
compounds,  in  which  the  arsenic  is  exerting  its  full 
atomicity  as  a pentad. 

There  are  two  oxides  of  arsenic,  arsenious  oxide 
and  arsenic  oxide,  or  arsenic  pentoxide. 

Arsenious  oxide  (As^Og). — This  oxide  con- 
stitutes the  white  arsenic  of  commerce  ; it  is  also 
known  as  arsenious  anhydride.  It  is  obtained  during 
the  smelting  or  roasting  of  arsenical  iron  pyrites  and 
other  ores  containing  arsenic  united  with  sulphur, 
the  latter  element  burning  away  as  sulphur  dioxide, 
whilst  the  arsenic  volatilises  and  oxidises  to  arsenious 
oxide,  which  is  then  condensed  to  a solid  in  long 
condensing  flues  attached  to  the  smelting  furnace. 


Ch.ip.  VI.] 


Oxides  of  Arsenic. 


279 


Arsenious  Oxygen, 

sulphide. 


2AS0S3  + 90o 


Arsenious  Sulphur 

oxide.  dioxide. 


There  are  two  varieties  of  arsenious  oxide — {a)  a 
crystalline  variety  which  can  be  obtained  in  small 
octahedra,  and  (b)  a vitreous  variety  constituting 
the  deposit  in  the  condensing  flues  attached  to  the 
furnaces  in  which  arsenical  ores  are  being  roasted ; 
this  vitreous  variety  is  obtained  at  first  as  a semi- 
transparent, glass-like  solid,  becoming  after  a time 
opaque,  like  porcelain.  The  white  arsenic  of  commerce 
is  obtained  by  grinding  this  vitreous  variety  to  a 
powder.  Arsenious  oxide  or  white  arsenic  is  a white, 
odourless,  and  almost  tasteless  substance,  possessing 
a very  faint  sweetish  taste ; it  is  very  poisonous, 
2 to  4 grains  being  usually  a poisonous  dose ; in  cases 
of  poisoning  with  arsenic  the  administration  of  freshly- 
precipitated  ferric  hydrate  or  of  solution  of  dialysed 
iron  will  act  as  an  antidote,  although  not  a very 
eflicacious  one,  by  forming  the  insoluble  arseniate  of 
iron.  Arsenious  oxide  or  white  arsenic  is  soluble  in 
cold  water  to  the  extent  of  half  a grain  in  a fluid 
drachm,  and  in  boiling  water  to  the  extent  of  6 grains 
in  a fluid  drachm ; when  dissolved  in  water  it  forms 
arsenious  acid  (HgAsOg).  The  specific  gravity  of  the 
vapour  of  arsenious  oxide  is  198,  its  molecular  weight 
is  therefore  198  x 2 = 396,  which  gives  the  formula 
As,0,. 

Arsenic  oxide  or  arsenic  pentoxide  (AsgOg). 
— This,  the  higher  oxide  of  arsenic,  is  obtained  by 
the  oxidation  of  arsenious  oxide  with  nitric  acid  ; if 
ordinary  white  o.rsenic  be  heated  with  nitric  acid, 
reddish-brown  fumes  of  oxides  of  nitrogen  are 
evolved,  and  the  residue,  if  dried  and  raised  to  a low 
red  heat  to  expel  water,  leaves  the  arsenic  oxide. 

Ar.senic  oxide  or  arsenic  anhydride  is  a white 
amorphous  substance,  dissolving  in  water  to  form 
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arsenic  acid  (HgAsO  J ; although  more  soluble  in 
water  than  arsenious  oxide,  it  is  less  poisonous 
than  that  substance.  At  temperatures  above  a red 
heat  arsenic  anhydride  breaks  up  into  arsenious  anhy- 
dride and  oxygen. 

There  are  two  acids  of  arsenic  corresponding  to 
the  two  oxides  or  anhydrides,  viz.  arsenious  acid  and 
arsenic  acid. 

Arsenious  acid  (HgAsOg).— This  is  prepared 
by  dissolving  white  arsenic  (arsenious  anhydride)  in 
water. 

As^Og  -f  GHgO  = 4H3ASO3 

Arsenious  Water.  Arsenious 

anhydride.  acid. 

It  is  a weak  acid,  and  is  only  slightly  soluble  in 
water ; it  is  too  weak  an  acid  to  decompose  solutions 
of  the  alkaline  carbonates ; arsenious  acid  is  con- 
tained in  two  solutions  used  in  medicine,  both  of 
them  containing  1 per  cent,  of  arsenic  in  solution ; 
these  are  Fowler’s  solution  {Liquor  arsenicalis) 
and  the  hydrochloric  solution  of  arsenic  {Liquor 
arsenici  hydrochloricus).  Although  arsenious  acid  is 
so  sparingly  soluble  in  cold  water,  yet  it  is  much 
more  soluble  in  a dilute  solution  of  an  alkaline 

carbonate,  or  in  a weak  mineral  acid.  On  this 

account  Fowler’s  solution  contains  some  potassium 

carbonate,  which  merely  increases  the  solubility  of 
the  arsenious  acid ; and  the  hydrochloric  solution 
of  arsenic  contains  some  diluted  hydrochloric  acid, 
which  also  increases  the  solubility  of  arsenious  acid. 

Two  compounds  of  arsenious  acid  are  not  uncom- 
monly employed  as  pigments,  viz.  Scheele’s  green 

(arsenite  of  copper)  and  emerald  green  (aceto-arsenite 
of  copper). 

Scheeles  green  is  prepared  by  mixing  together 
solutions  of  copper  sulj)hate  and  sodium  arsenite,  when 
is  thrown  down  as  a bright  green  precipitate. 
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CuSO^  + Ka.HAsO. 

Copper  Sodium 

sulphate.  arseiiite. 


CiiHAsOg  + Na^SO^ 

Copper  Sodium 

arseiiite.  sulphate. 


Wall-papers  printed  with  bright  green  colours  are 
frequently  surfaced  with  Scheele’s  green  or  emerald 
gieen,  the  arsenic  contained  in  which  may  exercise  a 
very  injurious  influence  on  people  living  or  sleeping 
in  rooms  so  papered.  The  arsenical  pigment  may 
become  brushed  oflf  the  paper  as  dust,  and  so  become 
disseminated  through  the  atmosphere  of  the  room. 
But  it  is  not  only  by  this  mechanical  means  that  the 
arsenic  can  be  dispersed  into  the  atmosphere  of  the 
room  ^ the  papers  are  fastened  to  the  walls  with 
starch-paste,  which  easily  ferments  and  sets  free 
nascent  hydrogen ; and  since  the  paper  is  originally 
saturated  with  the  paste,  this  nascent  hydrogen  comes 
directly  into  contact  with  the  arsenical  compounds, 
and  produces  gaseous  arseniuretted  hydrogen,  which 
escapes  into  and  poisons  tlie  air  of  the  room.  It  is 
true  that  the  quantity  of  the  gas  so  produced  is  very 
minute ; but  as  arseniuretted  hydrogen  is  more 
poisonous  than  any  other  compound  of  arsenic, 
very  small  quantities  may  be  suflScient  to  produce 
very  injurious  effects. 

For  the  methods  of  detecting  arsenic  in  wall- 
papers,  see  pages  285,  287. 

Arsenic  acid  (HjAsO,).— This  is  obtained  by 
dissolving  arsenic  anhydi'ide  in  water. 


AS3O5  -p  SHgO 
Arsenic  Water, 

aiiliydride. 


Arsenio 

acid. 


It  may  also  be  prepared  by  the  action  of  chlorine 
on  a solution  of  arsenious  acid,  the  chlorine  uniting 
with  the  hydrogen  of  some  of  the  water  to  form  hydro^ 
chloric  acid,  and  setting  free  oxygen,  which  in  the 
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nascent  state  oxidises  tlie  arsenious  acid  to  arsenic 
acid. 

H3ASO3  + HoO  + CI2  = H3ASO4  + 2HC1 

Arsenious  Water.  Chlorine.  Arsenic  Hydrochloric 

acid.  acid.  acid. 

A similar  action  occurs  when  iodine  is  added  to  a 
solution  of  arsenious  acid. 

H3ASO3  + H2O  + I2  = H3AsO^  + 2 HI 

Arsenious  Water.  Iodine.  Arsenic  Ilydriodic 

acid.  acid.  acid. 

Arsenic  acid  is  a stronger  acid  as  regards  its  action 
on  litmus  paper,  and  its  power  of  forming  salts,  tlian 
arsenious  acid,  and  is  much  more  soluble  in  water, 
but  it  is  not  so  powerful  a poison  as  arsenious  acid. 
A rsenic  acid  is  employed  in  the  preparation  of  magenta 
and  some  other  aniline  dyes,  becoming  reduced  to 
arsenious  acid  during  the  process.  If  the  dye  is  not 
properly  freed  from  the  arsenious  acid,  then  injurious 
effects  may  follow  from  the  employment  of  articles 
coloured  with  such  dyes,  such  as  socks,  gloves.  Cre- 
tonne and  other  hangings.  Red  aniline  dyes  are  also 
sometimes  used  for  giving  a colour  to  liqueurs,  syrups, 
sweetmeats,  and  raspberry  vinegar  ; and  here,  again, 
injurious  effects  might  follow  from  the  taking  of  such 
coloured  articles  if  the  dye  contained  arsenic.  A 
potassium  arseniate  (KqHAsO^.)  is  contained  in  some 
fly-papers,  flies  being  readily  killed  by  imbibing  a 
small  quantity  of  a solution  of  this  salt. 

Two  salts  of  arsenic  acid  are  used  in  medicine,  viz. 
sodium  arseniate  {see  page  226)  and  ferrous  arseniate 
{see  Iron  salts). 

Arsenious  cliloridc  (ASCI3)  is  prepared  by 
burning  powdered  arsenic  in  dry  chlorine,  or  by  dis- 
tilling a mixture  of  arsenious  anhydride,  sodium 
chloride,  and  concentrated  sulphuric  acid.  It  is  a 
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colourless  volatile  liquid,  decomposed  by  water  into 
arsenious  and  hydrochloric  acids. 

t/ 


AsClg  + 3HoO  = H3ASO3  + 3HC1 

Arsenious  Water.  Arsenious  Hydrochloric 

chloride.  acid.  acid. 


Arsenious  iodide  (Asig)  is  prepared  by  direct 
union  of  its  elements  or  by  dissolving  arsenious 
anhydride  in  hydriodic  acid.  An  aqueous  solution, 
containing  1 per  cent,  of  this  arsenious  iodide  and 
1 per  cent,  of  mercuric  iodide,  with  an  excess  of 
potassium  iodide,  forms  Donovan’s  solution  {^Liquor 
arsenii  et  hydrargyri  iodidi,  B.  P.). 

Tests  for  Arsenic. 

(i)  Sulphuretted  hydrogen  gives,  with  an  acid 
solution  of  arsenious  acid,  a yellow  precipitate  of 


A 


Fig.  25.— Sublimate  of  Metallic  Arsenic  in  a Berzelius’s  Reduction 

Tube. 


arsenious  sulphide,  which  is  soluble  in  alkalies  and  in 
ammonium  sulphide. 

(ii)  If  a small  quantity  of  white  arsenic  is  mixed 
with  a reducing  agent  containing  carbon,  such  as 
black  flux  (a  mixture  of  potassium  carbonate  and 
charcoal,  obtained  by  heating  acid  tartrate  of  potassium 
in  a covered  vessel),  and  the  mixture  introduced  into 
a Berzelius’s  reduction  tube,  and  then  heat  applied  to 
the  bulb  containing  the  mixture,  a sublimate  of 
metallic  arsenic  of  an  iron-grey  colour  will  be  ob- 
tained on  the  cool  part  of  the  tube  just  above  the 
constriction.  (Fig.  25,  A being  the  sublimate  of  the 
metallic  arsenic.) 
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If  the  portion  of  the  tube  containing  the  sublimate 
A be  cut  off  with  a file,  and  then  brol^en  into  frag- 
ments, and  the  fragments  introduced  into  a dry  test- 
tube,  on  applying  heat  to  the  bottom  of  the  latter, 
whilst  holding  it  in  an  almost  horizontal  position,  with 
the  mouth  of  the  tube  partially  covered  by  the  thumb, 
the  arsenic  will  volatilise  and  oxidise  to  arsenious 


Fig.  26.— Crystals  of  Arsenious  Oxide  (magnified). 


oxide,  which  will  deposit  on  the  cool  part  of  the  tube 
in  small  brilliant  crystals,  consisting  of  perfect  and 
imperfect  octahedra.  If  the  portion  of  the  tube  con- 
taining the  sublimate  be  viewed  under  a microscope, 
using  a ^-in.  or  ^-in.  objective,  the  crystals  will  present 
the  characteristic  appearances  shown  in  Fig.  26. 

(iii)  Eeinsch’s  test. — This  very  delicate  test  for 
arsenic  consists  in  boiling,  for  a short  time,  a strip  of 
bright  copper  foil  in  a solution  of  arsenious  acid,  to 
which  one-sixth  its  volume  of  hydrochloric  acid  has 
been  added.  The  metal  arsenic  deposits  on  the  surface 
of  the  copper  as  a dull  grey  film.  The  acid  liquid  is 
then  poured  off  from  the  slip  of  copper,  and  the  latter 
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washed  two  or  three  times  with  water  and  dried, 
firstly  by  pressure  between  folds  of  blotting-paper,  and 
lastly  by  carefully  warming  it  some  distance  above 
the  Bunsen  flame.  The  strip  of  copper,  with  the 
deposit  of  arsenic  on  it,  is  now  transferred  to  a dry 
test-tube,  and  heat  is  applied  in  a manner  similar  to 
that  described  in  the  previous  test,  when  the  arsenic 


Fig.  27.— Apparatus  for  Marsh’s  Test. 


volatilises  and  oxidises  to  arsenious  oxide,  which  forms 
a crystalline  deposit  on  the  cool  part  of  the  tube, 
presenting  under  the  microscope  the  characteristic 
appearances  shown  in  Fig.  26. 

Reinsch’s  test  may  be  employed  for  the  detection  of 
arsenic  in  wall-paper.  Some  of  the  paper  is  cut  into 
small  pieces,  which  are  then  digested  in  diluted 
hydrochloric  acid  with  heat  for  a few  minutes  ; the 
acid  liquid  is  poured  olf,  boiled  with  a strip  of  bright 
copper,  and  the  test  proceeded  with  in  the  manner 
just  described. 

(iv)  Marsh's  This  delicate  test  for  arsenic 

depends  upon  the  conversion  of  the  arsenic  into 
arseniuretted  hydrogen,  and  obtaining  from  the  latter 
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a deposit  of  metallic  arsenic.  Hydrogen  is  generated 
in  a suitable  apparatus  (Fig.  27)  from  pure  zinc 
and  dilute  sulphuric  acid  ; the  gas  is  dried  by  passing 
through  a calcium  chloride  tube  (a  in  Fig.  27),  and  is 
then  ignited  as  it  escapes  from  the  end  of  the  tube 
bent  at  right  angles. 

If  some  solution  of  arsenious  acid  is  now  poured 
into  the  apparatus  by  means  of  the  long  funnel,  the 
nascent  hydrogen  produces  arseniuretted  hydrogen 
(AsHg),  the  production  of  which  is  quickly  indicated 
by  the  hydrogen  flame  becoming  a pale  livid  colour. 

HgAsOg  + SH^  =:  AsHg  + 3H2O 

Arsenious  Hydrogen.  Arseniuretted  Water, 

acid.  hydrogen. 

In  arseniuretted  hydrogen  the  two  elements  are 
so  loosely  combined  that  a low  red-heat  is  sufficient 
to  decompose  the  compound  into  metallic  arsenic  and 
hydrogen ; the  gas,  therefore,  when  passed  through 
a glass  tube,  the  central  portion  of  which  is  made 
red-hot,  deposits  a mirror  of  metallic  arsenic  on  the 
cooler  parts  of  the  tube  just  beyond  the  heated 
portion.  The  same  decomposition  is  taking  place 
when  arseniuretted  hydrogen  is  inflamed  in  the  air ; 
the  high  temperature  of  the  flame  decomposes  the  un- 
burnt gas  in  the  interior  of  the  flame  into  arsenic 
and  hydrogen,  and  it  is  this  finely-divided  metallic 
arsenic  which  imparts  to  the  flame  its  pale  livid 
colour.  The  presence  of  this  metallic  arsenic  in  the 
interior  of  the  flame  is  readily  proved,  and  constitutes 
the  final  stage  of  Marsh’s  test ; for  if  a piece  of  cold 
w^hite  porcelain,  such  as  an  evaporating  dish  or 
porcelain  crucible  lid  (b  in  Fig.  27),  is  pressed  down 
upon  the  flame  for  a moment  or  two,  the  cold  porcelain 
becomes  coated  with  a round  blackish-grey  stain  of 
metallic  arsenic  at  the  spot  where  the  flame  touched 
it.  This  spot  of  metallic  arsenic  readily  dissolves  in 
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solution  of  chlorinated  lime  or  chlorinated  soda,  and 
so  can  be  distinguished  from  the  antimony  spot, 
which  is  obtained  under  similar  conditions  (see 
page  292).  To  detect  arsenic  in  wall-paper  by  means 
of  Marsh’s  test,  it  is  simply  necessary  to  introduce 
into  Marsh’s  apparatus  some  of  the  acid  liquid  obtained 
b}^  digesting  pieces  of  the  paper  in  diluted  hydrochloric 
acid  with  heat,  the  test  being  then  proceeded  with  in 
the  usual  way. 

In  em])loying  Marsh’s  test,  care  must  be  taken 
that  no  unburnt  arseniuretted  hydrogen  escapes  into 
the  atmosphere  of  the  laboratory,  as  it  is  a most 
powerful  poison,  being,  in  fact,  more  poisonous  than 
any  other  arsenical  compound. 

(v)  If  to  an  aqueous  solution  of  arsenious  acid 
some  copper  .sulphate  be  added,  and  then  a drop  or 
two  of  solution  of  ammonia,  a bright  green  precipitate 
(Scheele’s  green)  will  be  thrown  down. 

(vi)  If  to  an  aqueous  solution  of  arsenious  acid 
some  silver  nitrate  be  added,  and  then  a drop  or  two 
of  dilute  solution  of  ammonia,  a bright  yellow  precipi- 
tate of  silver  arsenite  will  be  obtained.  This  reaction 
may  be  applied  to  the  detection  of  arsenic  in  wall 
paper;  about  a square  inch  of  the  paper,  with  the 
coloured  surface  uppermost,  is  placed  in  a small 
porcelain  dish,  distilled  water  is  poured  on  so  as  just 
to  cover  the  paper,  and  a few  drops  of  solution  of 
ammonia  are  added ; after  standing  for  a minute  or 
two,  a crystal  of  silver  nitrate  is  dropped  into  the 
dish  on  to  the  surface  of  the  piece  of  paper,  when,  if 
arsenic  be  present,  a yellow  deposit  of  silver  arsenite 
will  occur  around  the  edge  and  over  the  surface  of 
the  crystal.  This  test  depends  upon  the  solubility 
of  Scheele’s  green  (copper  arsenite)  in  a weak  solu- 
tion of  ammonia,  and  the  precipitatioii  from  this 
solution  of  the  yellow  silver  arsenite,  in  presence  of 
an  excess  of  silver  nitrate. 
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Distinction  between  Arsenions  and  Arsenic  Acids. 

If  to  an  aqueous  solution  of  arsenic  acid  some 
silver  nitrate  be  added,  and  then  a drop  or  two  of 
solution  of  ammonia,  a chocolate-coloured  precipitate 
of  silver  arseniate  will  be  obtained  ; this  test  serves 
to  distinguish  between  the  two  acids,  as  in  similar 
circumstances  arsenions  acid  will  give  a bright  yellow 
precipitate.  In  like  manner,  neutral  solutions  of 
arseniates  will  at  once  give  a chocolate  precipitate, 
and  neutral  solutions  of  arsenites  a yellow  precipitate, 
with  silver  nitrate. 


ANTIMONY. 

Symbol,  Sb ; pentad  and  triad;  atomic  weight,  120‘4; 
specific  gravity,  6-6  ; melts,  629°. 

Natural  compounds  of  antimony.  — The 

sulphide  of  antimony  (Sb2Sg)  is  the  principal  natural 
compound  of  this  metal ; it  is  known  as  grey  antimony 
ore,  and  in  the  form  of  powder  as  black  antimony. 

Preparation  and  properties  of  the  melal 
antimony. — This  is  obtained  by  heating  together 
the  native  sulphide  of  antimony  and  metallic  iron, 
the  iron  uniting  with  the  sulphur  to  form  ferrous 
sulphide,  and  setting  free  the  antimony. 

SboSg  + 3Fe  = 2Sb  + 3FeS 

Antimony  Iron.  Antimony.  Ferrous 

sulphide.  sulphide.' 

Crude  antimony  contains  arsenic,  from  which  it 
can  be  purified  by  fusing  with  some  sodium  carbonate 
and  potassium  nitrate,  and  well  stirring  the  mixture, 
when  the  arsenic  becomes  converted  into  sodium 
arseniate. 

Antimony  is  a hard,  brittle,  white  metal ; when 
heated  before  the  blowpipe  it  burns,  giving  a white 
vapour  of  the  oxide  ; it  is  contained  in  type-metal,  an 
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alloy  of  lead  and  antimony  and  tin,  and  in  hritannia- 
metal,  an  alloy  of  tin  and  antimony. 

Aiitiiiioiiy  trioxidc  or  anti  111  onions  oxiilo 

(SboOg)  is  prepared  by  pouring  the  acid  solution  of 
antimony  trichloride  into  water,  by  which  means 
a white  precipitate  of  oxychloride  of  antimony  is 
thrown  down. 


12SbCl3 

Antimony 

trichloride. 


+ I5H3O 

Water. 


2SbCl3,  5Sb203 

Antimony”" 

oxychloride. 


+ 30HC1 

Hydrochloric 

acid. 


This  precipitate  is  then  stirred  up  with  solution 
of  sodium  carbonate,  which  abstracts  the  chlorine 
from  the  oxychloride,  producing  the  pure  antimony 
trioxide,  which  is  of  a light  buff  colour. 


2SbCl3,  5Sb203  + 3Na2C03  = 

Antimony  Sodium 

oxychloride.  carbonate. 

6NaCl  + SCO, 

Sodium  Carbon 

chloride.  dioxide. 


6Sb203  -f- 

Antimony 

trioxide. 


Antimony  pentoxidc  or  antiinonic  oxide 

(Sb20s)  is  prepared  by  the  action  of  nitric  acid  on 
the  metal  antimony. 


Antimony  Salts. 

There  are  two  classes  of  antimony  compounds,  the 
antimonious  and  antimonic,  resembling  the  two  classes 
of  arsenical  compounds ; in  the  antimonious  com 
pounds  the  antimony  is  only  exerting  part  of  its 
atomicity  as  a triad,  whereas  in  the  antimonic  com- 
pounds it  is  exerting  its  full  atomicity  as  a pentad. 

Antimony  ti’ichloride  or  mitimonious 
chloride  (SbCL).-(i)  This  may  be  prepared  by 
direct  union  of  the  elements;  if  powdered  metallic 
K 
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antimony  is  thrown  into  a of  chlorino,  it  will 
catch  fire,  producing  antimony  trichloride. 

2Sb  + 3CI2  = 2SbCl3 

Antimony.  Chlorine.  Antimony 

trichloride. 


(ii)  The  usual  method  of  preparing  this  chloride 
is  by  the  action  of  strong  hydrochloric  acid  with  heat 
on  the  native  sulphide  of  antimony. 


SbgSg  + 6HC1  == 

Antimony  Hydrochloric 

sulphide.  acid. 


2SbCl3  + 3H2S 

Antimony  Sulphuretted 

trichloride.  hydrogen. 


Prepared  in  this  way  it  is  generally  of  a reddish- 
brown  colour  from  the  presence  of  iron  salts  j it  is  a 
strongly  acid  liquid,  commonly  known  as  butter  of 
untimony,  but  it  is  actually  a solution  of  antimony 
trichloride  in  hydrochloric  acid,  since  the  chloride 
itself  is  of  a buttery  consistence,  whence  its  common 
name.  The  true  butter  of  antimony  is  obtained  by 
evaporating  the  acid  solution  to  a low  bulk,  and 
distilling  the  residue,  when  the  antimony  trichloride 
condenses  in  the  neck  of  the  retort  as  a white,  semi- 
transparent mass. 

Antimony  pentacliloride  or  antimonic 
eliloride  (SbClg)  is  prepared  by  acting  on  the  tri- 
chloride with  chlorine. 


SbCl3  -i-  Clo  = SbClj 

Antimony  Chlorine.  Antimony 
trichloride.  pentachloride. 

Xartarated  antimony  (KiSbOC^H^Og).  — This 
compound,  commonly  known  as  tartar  emetic,  is  a 
tartrate  of  potassium  and  antimony.  It  ^ is  pre- 
pared by  mixing  antimony  trioxide  and  potassium  acid 
tartrate  with  sufficient  water  to  form  a paste,  leaving 
it  for  twenty-four  hours,  as  the  two  substances  are 
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somewhat  sluggish  in  uniting,  and  then  boiling  the 
paste  with  water  • on  filtering,  and  concentrating 
the  solution  by  evaporation,  the  tartar  emetic  is 
obtained  in  crystals,  which  contain  a half  molecule  of 
water  of  crystallisation. 


SbgOg 

Antimony 

trioxide. 


+ 2KHC,H,0„  = 2KSb0C..H,0, 


^4-^ '■4 
Potassium 
acid  tartrate. 


Tartar 

emetic. 


■-4^6 


+ H2O 

Water. 


It  will  be  noticed  in  this  compound  that  one  of 
the  hydrogen  atoms  of  the  tartaric  acid  is  replaced 
by  the  metal  potassium,  and  the  other,  not  by  the 
metal  antimony,  but  by  the  univalent  radicle 
( — Sb=0). 

Sulphurated  aiitiiiiony — Prepared  by  boiling 
native  black  sulphide  of  antimony  and  sulphur  with 
solution  of  caustic  soda,  filtering  and  precipitating  the 
sulphurated  antimony  with  diluted  sulphuric  acid, 
when  it  is  thrown  down  as  an  orange-red  precipitate! 
It  is  a juixture  of  the  sulphides  and  oxides  of  antimony, 
and  is  one  of  the  many  varieties  of  mineral  kermes,  so 
called  from  their  similarity  in  colour  to  the  bisect 

kermes ; kermes  being  the  old  name  of  the  cochineal 
insect. 


Tests  for  Antimony. 

(i)  Hydrochloric  acid  gives,  with  a neutral  solu- 
tion of  an  antimony  salt  (such  as  tartar  emetic),  a 
white  precipitate  of  oxychloride  of  antimony,  soluble 
in  excess  of  hydrochloric  acid;  if  this  solution  be 
poured  into  water  the  oxychloride  is  again  pre- 
cipitated. ^ 

(li)  Sulphuretted  hydrogen  gives,  with  an  acid 
solution  of  an  antimony  salt,  an  orange-red  precipitate 
of  antimony  sulphide  (SbgSg),  soluble  in  alkalies  and 
in  ammonium  sulphide. 
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(iii)  If  a solution  of  an  antimony  salt,  to  which 
sufficient  hydrochloric  acid  is  added  to  dissolve  any 
precipitate  at  hrst  thrown  down,  be  boiled  with  a 
strip  of  bright  copper  foil,  a dark  grey  film  of  metallic 
antimony  will  be  deposited  on  the  copper ; if  the  strip 
of  copper  be  now  treated  in  a manner  precisely  similar 
to  that  described  in  connection  with  Reinsch’s  test 
for  arsenic  {see  page  284),  a white  sublimate  of  anti- 
mony oxide  will  be  obtained,  but  differing  from  the 
arsenic  sublimate  in  that  it  is  amorphous,  and  that  it 
is  deposited  on  the  sides  of  the  tube  much  nearer  to 
the  copper  than  the  arsenic  sublimate,  on  account  of 
the  antimony  being  less  volatile  than  arsenic. 

(iv)  If  the  operations  described  under  Marsh’s 
test  for  arsenic  {see  page  285)  be  repeated,  substituting 
an  antimony  salt  for  an  arsenical  compound,  then 
antimoniuretted  hydrogen  (SbHg)  will  be  evolved ; 
antimoniuretted  hydrogen  communicates  a livid 
colour  to  the  burning  hydrogen  flame,  and  is 
decomposed  like  arseniuretted  hydrogen  at  a low 
red  heat,  a black  spot  of  metallic  antimony  being 
obtained  on  a cool  porcelain  dish  or  crucible  lid 
introduced  for  a moment  into  the  flame.  As  pre- 
viously mentioned,  this  antimony  spot  can  be  dis- 
tinguished from  the  arsenic  spot  obtained  in  similar 
circumstances  by  being  insoluble  in  solution  of 
chlorinated  lime  or  chlorinated  soda,  whereas  the 
arsenic  spot  readily  dissolves  in  either  of  these 
solutions. 

(v)  If  a solid  antimony  compound  be  heated  on 
charcoal  with  sodium  carbonate,  a brittle  metallic 
globule  of  antimony  is  obtained  surrounded  by  a 
white  incrustation^ 
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BISMUTH. 

Symbol^  Bi;  triad ; atomic  weight,  208-1  ; specific 
gravity,  9*9  ; melts  at  264°. 

Occiii-reiicc  in  nature.— Bismuth  occurs  in 
the  metallic  state  in  nature,  mixed  with  quartz  and 
other  earthy  substances  ; it  is  separated  by  melting 
it  away  from  these  impurities.  Bismuth  obtained 
in  this  way  is  generally  contaminated  with  variable 
quantities  of  the  metal  arsenic,  from  which  it  may  be 
purified  by  melting  it  with  potassium  nitrate,  and 
well  stirring  the  mixture,  when  the  arsenic  is  oxidised 
to  potassium  arseniate.  Bismuth  is  a hard  brittle 
metal  with  a reddish  tinge.  Hydrochloric  and  sul- 
phuric acids  do  not  act  upon  it  in  the  cold.  Nitric 
acid  dissolves  it  readily.  It  forms  various  fusible 
alloys,  the  most  useful  of  which  is  Wood’s  metal,  which 
contains  4 parts  by  weight  of  bismuth,  2 of  lead,  1 of 
tin,  and  1 of  cadmium;  it  melts  at  61°,  and  is  very 
useful  for  taking  casts  ; it  is  quite  hard  when  cold. 

Bisniiitli  oxide  (BioO.^)  is  prepared  by  boiling 
bismuth  oxynitrate  with  solution  of  caustic  soda  ; it 
is  a yellow  powder. 

2Bi0N03  + 2NaHO  = BLO.,  ^ 

Bismuth  Sodium  Bismuth  * 

oxynitrate.  hydrate.  oxide. 

aNaNOj  + HjO 

Sodium  Water. 

nitrate. 

Bismuth  Salts. 

Bismuth  nitrate  (Bi(N03)3)  is  prepared  by  tlie 
action  o£  strong  nitric  acid  on  bismutli. 

Bi  + 4HNO3  = Bi(NO,),  + 

Bismuth.  Nitric  Bismuth 

^■cid.  nitrate. 

NO  -f  2H„0  ■ 

Nitrogen  Water. 

dioxide. 
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Bismuth  oxynitrate  (BiOlSTOg  + 5HoO). — 
This  compound  is  derived  from  bismuth  nitrate,  by 
the  displacement  of  two  univalent  nitric  radicles  by 
the  dyad  oxygen ; it  is  prepared  by  pouring  bismuth 
nitrate  into  water,  when  it  is  thrown  down  as  a white 
precipitate. 


Bi(N03)3  + HoO  = Bi0N03  + 2HNO3 

Bismuth  Water.  Bismuth  Nitric 

nitrate.  oxynitrate.  acid. 


It  is  largely  used  in  medicine  under  the  name  of 
subnitrate  of  bismuth  {Bismuthi  suhnitras)  ; it  is  also 
employed  as  a cosmetic  or  face-powder  under  the 
name  of  Pearl  white  (Blanc  de  Perle). 

Bismuth  oxy carbonate  ((Bi^  0,003)3  + H,0). 
— This  compound  may  be  regarded  as  bismuth  oxide 
(Bi203),  from  which  one  atom  of  oxygen  is  displaced 
by  an  equivalent  quantity  of  the  dyad  carbonic  radicle. 
It  is  prepared  by  pouring  bismuth  nitrate  into  a 
solution  of  ammonium  carbonate. 

2Bi(N03)3  + 3(NH^,C03  = Bi,0,C03  + 

Bismuth  Aramouium  Bismuth 

nitrate.  carbonate.  oxycarbonate. 

6NH4NO3  -f  2CO2 

Ammonium  Carbon 

nitrate.  dioxide. 

This  compound  is  also  extensively  used  in  medicine 
under  the  name  of  carbonate  of  bismuth  (^Bismuthi 
carhonas). 


Tests  for  Bismuth. 

(i)  If  any-  acid  salt  of  bismuth  is  concentrated 
and  then  poured  into  an  excess  of  water,  a white 
oxysalt  is  precipitated. 


Chap.  VI. j Tests  for  Bismuth.  295 

(ii)  Hydrochloric  acid  added  to  a neutral  solution 
of  a bismuth  salt  gives  a white  precipitate  of  bismuth 
oxychloride,  soluble  in  excess  of  hydrochloric  acid. 
The  only  other  metal  yielding  a white  precipitate  with 
hydrochloric  acid,  soluble  in  excess  of  the  acid,  is 
antimony  ; the  two  metals  can  be  readily  distinguished 
by  the  different  colours  of  their  sulphides,  as  pre- 
cipitated by  sulphuretted  hydrogen,  the  sulphide  of 
bismuth  being  black  and  the  sulphide  of  antimony 
orange  red.  The  oxychloride  of  antimony  is  also 
soluble  in  tartaric  acid,  in  which  the  corresponding- 
bismuth  compound  is  insoluble. 

(hi)  Sulphuretted  hydrogen  gives  with  bismuth 
salts  a brownish-black  precipitate  of  bismuth  sulphide. 

(iv)  If  a solid  compound  of  bismuth  be  heated  on 
charcoal  with  sodium  carbonate,  a brittle  bead  of 
bismuth  is  obtained  surrounded  with  an  orange 
incrustation. 

The  metals  arsenic,  antimony  and  bismuth 
have  many  points  of  analogy  with  the  non-metals 
nitrogen  and  phosphorus.  They  are  all  triads  and 
pentads.  Arsenic  and  antimony  form  compounds 
with  hydrogen  AsHg  and  SbHg,  which  are  gases 
having  strong  odours,  just  as  nitrogen  and  phosphorus 
form  ammonia  and  phosphine.  Arsenic,  antimony 
and  bismuth  are  all  brittle  metals.  They  form  two 
principal  oxides,  AsgOg,  As^O^,  etc.,  and,  as  in  the  last 
family  (page  276),  the  acid  character  of  the  oxide'i 
decreases  as  the  atomic  weight  of  the  element  rises. 
The  arsenates  crystallise  in  the  same  form  as  the 
corresponding  phosphates,  and  both  these  salts  give 
a crystalline  precipitate  with  magnesium  sulphate 
in  the  presence  of  ammonium  salta 
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Chromium — Chromium  Compounds — Tests  for  Chromium— Man- 
ganese— Manganese  Compounds— Tests  for  Manganese -Iron- 
Natural  Compounds  of  Iron— Preparation  and  Properties  of 
the  Metal  Iron— Cast  Iron— Wrought  Iron— Steel— Action  of 
Acids  on  Iron —Preparation  of  the  Ferrous  and  Ferric  Salts — 
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Symbol,  Cr. ; hexad ; atomic  weight,  \ specific 


The  principal  compound  of  chromium  occurring  in 
nature  is  chrome  iron  ore  (FeO,  CrgOg). 

Chromium  is  a white  metal  prepared  by  heating 
chromic  oxide  with  carbon  in  the  electric  furnace  ; it 
is  very  infusible. 

Potassium  cliromate  (KgCrOJ. — This  com- 
pound, known  also  as  yellow  chromate  of  potash,  is 
prepared  from  chrome  iron  ore  by  fusing  it  with 
potassium  carbonate  and  potassium  nitrate  ; ferric 
oxide  and  potassium  chromate  result,  the  latter  being 
dissolved  out  by  boiling  the  fused  mass  with  water. 

Potassium  <licBiromate  (KoCrO^jCrOg). — 
This  is  more  commonly  called  bichromate  of  potash  or, 
on  account  of  its  colour,  red  chromate  ofjwtash.  It  is 
prepared  by  adding  to  a solution  of  potassium  chro- 
mate the  theoretical  quantity  of  sulphuric  acid,  when 
the  dichromate  crystallises  out  on  cooling. 


CHROMIUM. 


gravity,  6 ‘29. 


2KoCrO,.  -f  H2SO4 


rotassium  Sulphnvic 

cliromate.  acid 


Ml 

Potassium 
di  chromate. 


KjCr^O,  + 


+ H»0 


Potassium 

sulphate. 


Water. 
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Cl.ro, nic  ovule  (Cr^O,).  - Green  oxide  of 
chiommm  may  be  prepared  by  strongly  lieating  am- 
monmm  dicJiromate. 


Chrouiic  niiliyciridc  (CrO,^).— Red  oxide  of 
ciioraium  IS  obtained  by  mixing  together  two 
VO  limes  of  a saturated  solution  of  potassium 
dichromate  and^  three  volumes  of  strong  sulphuric 
acic  ^ as  tie  mixture  cools,  the  chromic  anhydride 
crystallises  out  in  long  slender  needles  of  a bric^ht 
crimson  colour.  ° 


KoCrO^,Cr03 

Potassium 

dichromate. 


+ H3SO, 
Sulphuric 
acid. 


= 2CrOe 


'3  d- 

Chromic 

anhydride.* 


KjSO,  -p 

Potassium 

sulphate. 


HgO 

Water. 


Chromic  anhydride  is  used  as  a powerful  caustic 
under  the  name  of  chromic  acid  {Acidum  chromicum) ; 
It  IS  the  anhydride  of  chromic  acid,  into  which  it  is 
converted  by  dissolving  in  water. 


CrOj  + H,0 

Chromic  Water, 

anhydride. 


= HoCrO, 


Chromic 

acid. 


Solutions  of  chromic  acid  and  potassium  bichro- 
mate are  much  used  for  hardening  tissues  for  histo- 

A solution  of  gelatin  containing 
per  cent,  of  potassium  bichromate  becomes  after 
exposure  to  light,  insoluble  in  hot  water 

CI.,-on.c  all,,,,  (Cr„(S0p3,K,S0,  -t-  24H,0)._ 
is  IS  piepared  by  heating  potassium  dichromate  with 
sulphuric  acid  in  presence  of  some  reducing  agent 
such  as  alcohol,  sulphur  dioxide,  hydrogen  sulphide 
nascent  hydi'ogen,  etc.  ^ ' 
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KoCr^O,  + H„SO^  + SSOj  + SSH^O  = 

rotiissiuni  Sulphuric  Sulphur  Water, 

bichromate.  acid.  dioxide. 

Ci-2(SO,)3  I-  KjSO,  + 24H„.0 

Chrome  alum. 


Tests  for  Chromium. 

If  a chromium  salt  be  fused  with  sodium  carbonate 
and  potassium  nitrate  on  a piece  of  platinum  foil,  the 
yellow  sodium  chromate  is  formed  ; on  dissolving  this 
in  boiling  water,  and  acidifying  the  solution  with 
acetic  acid,  a yellow  precipitate  (lead  chromate)  will 
be  obtained  on  the  addition  of  lead  acetate. 

If  *a  solid  chromium  compound  be  fused  into  a 
borax  bead,  the  latter  is  coloured  green. 


MANGANESE. 


Symbol,  Mn ; hexad ; atomic  weight,  55. 


The  chief  natural  compound  of  manganese  is 
the  black  oxide  of  manganese  or  pyrolusite  (MnOo). 
Manganese  exerts  its  full  atomicity  as  a hexad  in  the 
manganates  and  permanganates  ; in  the  black  oxide 
of  manganese  it  only  exerts  the  atomicity  of  a 
tetrad,  whilst  in  manganous  sulphate  (MnSO^)  and 
manganous  chloride  it  acts  as  a dyad  only.  The  metal 
is  added  to  Bessemer  steel  to  improve  its  quality. 

IWaiiganous  sulphate  (MnSO^  THgO). 
When  manganese  dioxide  is  heated  wdth  strong 
sulphuric  acid,  oxygen  is  evolved  and  manganous 
sulphate  produced. 


2MnOjj  + 
Manganese 
dioxide. 


2H0SO.  = 2MnS04  + 2HoO  + 

Sulpliuric  Manganous  Water.  Oxygen, 

acid.  sulpliate. 


Itl  ail  gallons  eliloi’ide  (MnClg). — This  com- 
pound is  obtained  as  a by-product  in  the  preparation 
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of  chlorine  from  manganese  dioxide  and  hydrochloric 
acid  {see  page  126).  The  manganous  salts  are  j^ale  pink. 

Potassium  mang^aiiate  and  pcriiiaiig^a- 
iiate.— The  latter  of  these  compounds  is  the  most 
important  manganese  preparation,  from  the  medical 
point  of  view.  (For  their  preparation  and  properties, 
see  pages  217,  218.) 

Tests  for  Manganese. 

(i)  Ammonium  sulphide  throws  down  a flesh- 
coloured  precipitate  of  manganous  sulphide. 

(11)  Solution  of  ammonia  gives  a white  precipi- 
tate of  manganous  hydrate,  which  darkens  on  exposure 
to  the  air,  owing  to  absorption  of  oxygen  and  conver- 
sion into  the  black  oxide  of  manganese. 

(iii)  If  a manganese  salt  is  fused  with  sodium 

carbonate  and  potassium  nitrate  on  a piece  of  platinum 
foil,  the  green  sodium  manganate  is  obtained  ; if  this 
be  boiled  with  water,  a red  solution  is  obtained,  owino’ 
to  the  conversion  of  the  manganate  into  the  per° 
manganate.  ^ 

(iv)  If  a manganese  compound  be  fused  into  a 
borax  bead,  the  latter  is  coloured  amethyst  in  the 
outer,  but  remains  colourless  in  the  inner  flame. 


IRON. 

Symbol,  Fe ; triad  and  dyad ; atomic  weight,  56  * 
specific  gravity,  7*8  to  8 T.  ^ 

Natural  coiupounds  of  iron (i)  The  im- 

portant  ore  red  hcEmatite  consists  of  ferric  oxide 
(rCgOg)  ; is  a ferric  oxy hydrate,  (ii) 

Magnetic  iron  ore  or  loadstone  consists  of  ferroso- 
ferric  oxide  (Fe0,Fe203).  (iii)  Spathic  iron  ore  is  an 
impure  ferrous  carbonate  (FeCOg) ; it  is  found  in 
Fingland  mixed  with  clay,  and  constitutes  clay  irotv 
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stoTiG.  Iron  occurs  to  srnU/ll  extent  in  the  free 

state  in  nature  in  the  form  of  meteorites,  which  are 
masses  of  iron  that  have  fallen  on  to  the  earth  s 
surface  from  extra-terrestrial  space,  (v)  Iron  also 
occurs  largely  in  iron  pyrites  (FeSg),  but  this  is 

not  used  as  an  iron  ore. 

Before  studying  the  preparation  of  metallic  iron 
from  its  ores  it  will  be  advantageous  to  state  shortly 
the  enormous  influence  that  comparatively  srnall 
doses  of  carbon  exert  on  the  physical  and  chemical 
properties  of  iron. 

WTOught  ivon  contains  less  than  0 ’2  per  cent,  of 
carbon,  it  is  extremely  malleable,  infusible  in  any 
ordinary  furnace,  very  tough,  and  when  made  white 
hot  it  becomes  pasty,  so  that  two  pieces  when  brought 
tof^ether  white  hot  and  hammered  can  be  welded 
together. 

Steel  contains  from  0‘3  to  1'4  per  cent,  of  carbon, 
is  malleable,  can  be  fused  in  a furnace  with  a good 
draught,  and  can  be  welded  ; but  its  most  important 
property  is  that  it  can  be  tempered^  i.e.  its  hardness 
can  be  altered  by  the  rate  at  which  it  is  cooled  ; if, 
for  instance,  when  red  hot  it  is  plunged  into  cold 
water,  it  is  hard  enough  to  scratch  glass,  but  is  very 
brittle;  if,  on  the  other  hand,  it  be  allowed  to  cool 
gradually  it  is  almost  as  soft  and  malleable  as 
wrought  iron. 

Cast  iron  contains  from  2 to  5 per  cent,  of 
carbon,  it  is  comparatively  hard  and  brittle,  easily 
fusible'  and  cannot  be  welded.  If  it  is  cooled  quickly 
its  fracture  is  usually  white,  if  it  is  cooled  slowly 
some  of  the  carbon  separates  as  grey  particles  of 

graphite.  . 

Cast  iron  is  obtained  by  first  smelting  or  roasting 

the  iron  ore  in  air,  in  order  to  completely  convert  it 
into  ferric  oxide,  and  then  reducing  the  oxide  to  the 
metallic  state  by  strongly  heating  with  coke  or  coal 


Chap.  VM 1] 


Cas7  Iron. 


•^oi 


in  presence  of  some  limestone ; this  reduction  of  the 
ferric  oxide  requires  a very  high  temperature,  and  is 


Fig.  28.— Section  of  a Blast  Furnace. 


carried  out  in  the  blast-furnace  (Fig.  28).  Thi<^ 
furnace  is  constructed  of  very  solid  mas^onry  lined 
with  firebricks,  and  reaches  from  60  to  80  feet  in 
height ; it  is  fed  from  the  top,  alternate  layers  of 
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roasted  iron  ore  mixed  with  limestone  and  coke  or 
coal  being  shot  in  from  trucks. 

The  furnace  is  supplied  at  the  lower  part  with  a 
powerful  blast  of  air  forced  through  pipes  called 
tuyeres,  one  of  which  is  shown  in  the  figure  at  a ; this 
air  is  heated  previous  to  being  forced  into  the  furnace, 
the  hot  gases  from  the  top  of  the  furnace  being  em- 
ployed for  this  purpose ; to  prevent  the  escape  of  these 
gases  a cap  or  hood  (not  shown  in  the  figure)  is  placed 
over  the  top  of  the  furnace,  the  gases  being  conducted 
by  pipes  issuing  from  near  the  top  of  the  furnace  to  a 
chamber  through  which  the  pipes  conveying  the  blast 
of  air  circulate  \ by  thus  using  a blast  of  heated  air  a 
much  higher  temperature  is  obtained  within  the  fur- 
nace. Some  of  the  carbon  burns  to  form  carbon 
dioxide,  which  with  the  remaining  red-hot  carbon 
produces  carbon  monoxide,  a very  powerful  reducing 
agent,  and  this  gas  in  its  passage  over  the  lumps  of 
heated  ferric  oxide  abstracts  the  oxygen,  forming 
carbon  dioxide,  and  setting  free  the  metal. 

FegOg  -b  3CO  = 2Fe  -b  SCOg 

Ferric  Carbon  Iron.  Carbon 

oxide.  monoxide  dioxide. 

The  metal  iron,  in  a soft  or  spongy  condition, 
gradually  settles  down  towards  the  bottom  of  the 
furnace ; when  it  arrives  at  the  hottest  part  (b  in 
figure),  it  takes  up  from  4 to  5 per  cent,  of  the  carbon, 
melts,  and  then  accumulates  in  the  molten  state  at  the 
bottom  of  the  furnace  (c  in  figure).  The  function  oi 
the  limestone  is  to  combine  with  impurities  originally 
present  in  the  iron  ore  (mainly  silica  and  phosphates), 
which  it  does  by  forming  a fusible  silicate  of  calcium 
ind  alumina,  or  slag^  and  so  prevents  the  silica 
and  phosphates  from  interfering  with  the  running 
together  of  the  melted  cast  iron.  This  fusible  slag 
also  trickles  down  towards  the  base  of  the  furnace. 
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but  being  mucli  lighter  than  the  molten  iron,  it  floats 
on  the  top  of  it,  and  flows  out  through  a suitable 
opening  in  the  side  of  the  furnace.  At  the  base  of 
the  furnace  the  molten  cast  iron  is  run  out  from  time 
to  time  through  an  opening  which  is  temporarily 
blocked  up  with  clay  ; it  is  run  into  channels  made 
in  sand,  and  solidifies  into  bars  technically  known  as 
pig-iron.  If  cast  iron  be  treated  with  diluted  sulphuric 
or  hydrochloric  acid,  the  iron  will  dissolve  in  the  acid 
with  evolution  of  hydrogen,  and  the  minute  crystals 
of  graphite  will  be  left  insoluble,  whilst  the  carbon 
combined  with  the  iron,  as  carbide  of  iron,  will  unite 
with  some  of  the  escaping  hydrogen  and  form  hydro- 
carbon gases  possessing  a peculiar  and  rather  disagree- 
able odour. 

Wrought  iron  is  prepared  by  burning  out  the 
carbon  from  cast  iron,  which  can  be  effected  by  melt- 
ing the  cast  iron  in  the  bed  of  a reverberatory  furnace, 
and  then,  while  a current  of  hot  air  is  passing  over 
the  surface  of  the  molten  iron,  well  stirring  or 
puddling  it  so  as  to  freely  expose  it  to  the  action  of 
the  oxygen  ; in  this  way  the  carbon  of  the  cast  iron 
is  gradually  burnt  out,  and  as  the  less  easily  fusible 
wrought  iron  is  produced,  the  metal  assumes  a pasty 
condition.  As  the  wrought  iron  is  formed  it  is  taken 
out  in  lumps,  which  after  hammering  are  rolled  out. 

During  this  process,  known  as  the  “ puddling 
process,”  the  iron  loses  sulphur  and  phosphorus  as 
well  as  carbon,  and  so  is  much  improved  in  tough- 
ness. 

Steel  is  intermediate  in  composition  between  cast 
iron  and  wrought  iron,  and  it  is  obvious  that  it  may 
be  prepared  (a)  by  abstracting  part,  of  the  carbon  from 
cast  iron,  till  the  percentage  of  carbon  is  reduced 
sufficiently  ; (b)  hy  the  addition  of  carbon  to  wrought 
iron,  so  as  to  raise  the  percentage  ; (c)  by  mixing 
cast  iron  and  wrought  iron  in  such  proportions  that 
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the  mixture  shall  contain  0’3  to  1 '4  per  cent,  of  carbon. 
These  are  the  three  methods  actually  employed,  the 
first  being  known  as  the  Bessemer  process,  the  second 
the  old  or  Cementation  process,  and  the  tliird  the 
Siemens-Martin  process. 

(a)  Bessemer  y^rocess. — This  consists  in  burning 
out  the  carbon  in  cast  iron,  by  passing  a current  of 
air  through  melted  cast  iron.  The  Bessemer  converter 
consists  of  a large  egg-shaped  vessel  lined  with 
powdered  flint  and  provided  with  openings  at  the 
base,  through  which  a current  of  air  can  be  forced  ; 
molten  cast  iron  is  run  in,  and  the  air  passed 
through  it,  the  oxygen  of  the  air  rapidly  burning 
away  most  of  the  carbon  ; enough  “ spiegeleisen  ” (a 
variety  of  cast  iron  containing  manganese)  is  then 
added  to  impart  the  necessary  amount  of  carbon  and 
manganese,  a small  quantity  of  the  latter  element 
notably  improving  the  quality  of  the  steel.  It  is 
almost  impossible  to  estimate  the  value  of  this  process, 
it  has  practically  given  us  a new  material,  in  cheap 
steel.  In  1856,  when  the  Bessemer  process  was  first 
used,  steel  cost  £50  a ton,  now  it  can  be  made  for  £6 
a ton.  The  original  Bessemer  process  sufiered  from 
the  defect  that  as  the  lining  of  the  converter  was 
silica,  an  acid  oxide,  all  the  phosphorus  in  the  cast 
iron  passed  into  the  steel,  necessitating,  therefore,  the 
use  of  a cast  iron  free  from  phosphorus.  This  defect 
has  been  completely  overcome  by  Thomas  and  Gil- 
christ, who  substituted  a basic  oxide  (a  mixture  of 
lime  and  magnesia)  for  the  powdered  flints.  The 
phosphorus  combines  with  the  basic  lining  and  passes 
into  the  slag,  which  is  sold  as  a manure,  leaving  tlie 
steel  free  from  this  fatal  impurity. 

(6)  Cementation  pi'ocess. — In  this,  the  old  process 
tor  producing  steel,  carbon  is  added  to  wrought  iron. 
It  is  carried  out  by  embedding  bars  of  wrought 
h\)ii  in  charcoal  powder,  and  then  heating  to  bright 
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redness  for  some  days ; carbon  is  gradually  taken 
up  by  the  wrought  iron,  iDrobably  by  some  process 
of  diffusion,  and  steel  is  jn-oduced — the  product  is 
known  as  blister  steel;  this  is  melted  to  distribute 
the  carbon  more  equally  and  is  then  known  as  cast 
steel. 

(c)  Siemens- Mar  tin  process.  — This  consists  in 
fusing  cast  iron,  and  then  adding  to  it  wrought  iron 
and  a small  quantity  of  “ spiegeleiseu,”  until  the 
percentage  of  carbon  is  brought  from  0-3  to  1*4. 

Properties  of  the  metal  Iron —Cast  ir  online 
a grey  colour,  and  a crystalline  or  granular  structure  ; 
as  previously  mentioned,  its  carbon  exists  partly  in 
the  form  of  minute  crystals  of  graphite  disseminated 
through  the  mass  of  the  iron,  and  partly  in  union 
with  some  of  the  iron  as  a carbide  of  iron.  Cast 
iron  melts  at  a lower  temperature  than  any  other 
form  of  iron. 

Wrought  iron  is  fibrous  in  structure,  and  therefore 
much  stronger  than  the  crystalline  or  granular  cast 
iron,  but  the  fibrous  texture  is  apt  to  undergo  a change 
into  the  granular  condition  when  exposed  to  long- 
continued  vibration.  All  forms  of  iron  are  rendered 
extremely  brittle  by  the  presence  of  silicon,  sulphur, 
or  phosphorus,  hence  the  importance  of  removing 
these  impurities  in  the  slag  during  the  preparation 
of  iron  in  the  blast  furnace.  Pieces  of  wrought  iron 
can  be  welded  or  joined  together  by  bringing  their 
clean  surfaces  in  contact  at  a red  heat  and  then 
hammering  them ; to  clean  their  surfaces  from  the 
film  of  oxide  of  iron,  which  is  produced  by  the  action 
of  the  air  on  the  heated  iron,  ,the  blacksmith  uses 
some  sand  as  a flux  previous  to  hammering ; the 
silica  uniting  with  the  oxide  of  iron  forms  a fusible 
silicate  of  iron,  which  is  squeezed  out  during  the  pro- 
cess of  hammering,  and  so  allows  the  absolutely  clean 
metallic  surfaces  to  come  into  contact  and  unite. 
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Steel  is  of  a pale  grey  colour,  and  capable  of  taking 
a high  polish  ; it  is  finely  granular,  not  fibrous  in 
structure.  Hard  steel  is  prepared  by  heating  steel 
to  redness,  and  then  rapidly  cooling  it  by  immersion 
in  water  ; it  is  very  brittle  and  highly  elastic.  To 
toughen  or  tem'per  steel,  it  is  gently  re-heated,  and 
when  the  desired  temperature  is  reached,  again 
rapidly  cooled. 

Reduced  iron  is  pure  iron  in  the  form  of  powder, 
obtained  by  passing  a stream  of  hydrogen  over  heated 
ferric  oxide  ] the  oxygen  is  abstracted  as  water,  and 
the  iron  is  left  in  a finely  divided  state.  It  contains 
about  75  per  cent,  of  metallic  iron ; the  rest  is 
chiefly  oxide. 

FesOg  -h  3H3  =1  2Fe  + 3HoO 

Ferric  Hydrogen.  Iron.  Water. 

oxide. 

All  kinds  of  iron  are  magnetic — that  is,  capable  of 
being  attracted  to  and  picked  up  by  a magnet,  and 
also  capable  of  being  magnetised  ; soft  iron  readily 
becomes  magnetised  when  in  contact  with  a magnet, 
but  loses  its  magnetism  when  withdrawn  from  the 
magnet,  whereas  hard  steel  becomes  magnetised 
very  slowly,  but  when  once  magnetised,  retains  its 
magnetism  for  a long  period. 

Iron  remains  unchanged  in  dry  air  or  oxygen  at 
ordinary  temperatures,  but  in  moist  air  it  readily 
unites  with  oxygen  and  moisture,  forming  reddish- 
brown  7'ust,  a ferric  oxyhydrate.  At  a red-heat,  iron 
is  more  rapidly  oxidised  than  by  moist  air  at  ordinary 
temperatures,  as  is  well  seen  in  the  production  of 
the  forge-scales  that  collect  around  the  blacksmith’s 
anvil,  which  consist  of  the  black  magnetic  oxide  of 
iron. 

2>rocess  for  the  prevention  of  rusting  of 
iron  consists  in  coating  the  iron  article  with  a film  of 
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the  hard  black  magnetic  oxide  (ferroso-ferric  oxide), 
which  eliectually  prevents  further  oxidation  in  damp 
air ; to  effect  this  a current  of  steam  is  passed  for  a 
few  minutes  over  the  iron  article  raised  to  a red-heat. 

3Fe  + 4H3O  = (FeO,  FeoO^)  -f  4H3 

Iron.  Water.  Magnetic  oxide  Hydrogen. 

of  iron. 

Action  of  acids  on  iron.— Dilute  sulphuric 
acid  acts  on  iron,  forming  ferrous  sulphate  and 
evolving  hydrogen. 

Fe  -f  H2SO4  = FeSO,  + H2 

Iron.  Sulphuric  Ferrous  Hydrogen, 

acid.  sulphate. 

Strong  sulphuric  acid,  with  heat,  also  acts  on  iron, 
but  in  this  case  with  evolution  of  sulphur  dioxide. 

Fe  + 2H2SO4  = FeSO^  SOg  + 2H2O 

Iron.  Sulphuric  Ferrous  Sulphur  Water, 

acid.  sulphate.  dioxide. 

Hydrochloric  acid  acts  on  iron,  forming  ferrous 
chloride,  and  evolving  hydrogen. 

Fe  + 2HC1  3=  FeCl^  + Hg 

Iron  Hydrochloric  Ferrous  Hydrogen, 

acid.  chloride. 

Dilute  nitric  acid  acts  on  iron,  forming  ferric 
nitrate,  and  evolving  nitrogen  dioxide.  Strong  nitric 
acid  does  not  attack  iron. 

Fe  -f  4HNO3  = Fe(NOg)3  + NO  + 2HoO 

Iron.  Nitric  Ferric  Nitrogen  Water, 

acid,  nitrate.  dioxide. 

Ferrous  oxide  (FeO)  is  a black  powder  ob- 
tained by  heating  ferrous  oxalate  to  150“  in  the 
absence  of  air. 
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Ferrous  hydrate  (Fe(H0)2)  is  obtained  by  pre- 
cipitating a solution  of  ferrous  sul[)hate  with  KHO  in 
the  absence  of  air.  It  is  a white  substance,  very 
rapidly  absorbing  oxygen,  turning  dark  green  and 
then  gradually  rusty  brown. 

Ferric  hydrate  (Fe(HO)3)  is  prepared  by  pre- 
cipitating a solution  of  ferric  sulphate  or  ferric 
chloride  with  an  alkali,  caustic  soda  being  generally 
employed  for  the  sake  of  cheapness. 

Feo(S04)3  + GNaHO  = 2Fe(HO)3  + SNa^SO^ 

Ferric  Sodium  Ferric  Sodriuii 

sulphate  hydrate.  hydrate.  sulpliate. 

Freshly  precipitated  ferric  hydrate  is  used  as  an 
antidote  in  cases  of  poisoning  by  arsenic,  the  reaction 
between  the  ferric  hydrate  and  the  arsenic  resulting 
in  the  formation  of  tlie  insoluble  ferrous  arseniate. 

4Fe(HO)3  + AsgOg  = Fe3(AsOJo  + 

Ferric  hydrate.  Arseuic.  Ferrous  arseuiate. 

Fe(HO)o  -H  5H2O 

Ferrous  Water, 

hydrate. 

Freshly  precipitated  ferric  hydrate  dissolves  in  a 
solution  of  perchloride  of  iron,  forming  a dark  red 
solution  of  basic  chloride  of  iron  ; if  this  solution  be 
placed  in  a dialyzer,  the  greater  proportion  of  the 
hydrochloric  acid  of  this  basic  chloride  passes  through 
the  dialyzer,  leaving  a still  more  basic  chloride  of  iron. 

Freshly  precipitated  ferric  hydrate  is  also  used  in 
the  preparation  of  the  iron  scale  compounds,  which 
are  uncrystallisable  bodies  obtained  in  the  solid 
form  by  the  evaporation  of  their  solutions  to  a syrup, 
and  then  allowing  the  syrup  to  dry  in  scales.  Citrate 
of  iron  and  ammonium  {Ferri  et  ammonit  citras) 
is  prepared  by  dissolving  ferric  hydrate  in  a solution 
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of  citric  acid,  adding  ammonia,  evaporating  to  a syrup, 
and  drying  in  scales  ; it  is  a double  citrate  of  iron  and 
ammonium.  Citrate  of  iron  and  quinine  (^Ferri  el 
quinicG  citras)  is  prepared  by  dissolving  ferric 
hydrate  and  quinine  in  a solution  of  citric  acid,  add- 
ing ammonia  (not  in  excess,  or  the  quinine  would  be 
precipitated),  evaporating  to  a syrup,  and  drying  in 
scales  j it  is  a triple  citrate  of  iron,  quinine,  and 
ammonium.  Tartarated  iron  {Ferruin  tartar  alum) 
is  prepared  by  dissolving  ferric  hydrate  in  a 
solution  of  potassium  acid  tartrate,  evaporating  to  a 
syrup,  and  drying  in  scales ; it  is  a double  tartrate  of 
iron  and  potassium. 

Alkaline  bicarbonates,  which  are  incompatible  with 
most  iron  preparations,  can  be  prescribed  with  citrate 
of  iron  and  ammonium,  and  with  tartarated  iron, 
without  the  iron  being  precipitated  ; they  would  not 
be  compatible  with  citrate  of  iron  and  quinine,  as  the 
quinine  would  be  thrown  down  by  alkaline  carbonates. 

Ferric  oxide  (FegOg)  is  prepared  by  further 
heating  ferric  hydrate. 

2Fe(HO)3  = Fe^Og  -|-  SH^O 

Ferric  Ferric  Water, 

hydrate.  oxide. 

It  may  also  be  prepared  by  roasting  crystals  of 
ferrous  sulphate  until  fumes  of  the  Nordhausen  sul- 
phuric acid  cease  to  be  evolved  ; this  variety  of  ferric 
oxide  passes  under  the  names  of  red  oxide  of  iron, 
mineral  rouge,  Venetian  red,  colcothar,  and  crocus  ; 
it  is  used  for  polishing. 

Ferroso-ferric  oxide  (Fe0,Fe20g)  is  also 
known  as  black  oxide  of  iron  and  magnetic  oxide  of 
iron.  It  may  be  prepared  {a)  by  passing  steam  over 
red-hot  iron — 

3Fe  -f  4H2O  = FcgO^^  -f  4H3 

Iron.  Water.  Fcrroao-fei  ric  oxide.  HydroyeD  .’ 
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(6)  by  precipitating  a mixed  solution  of  ferric  and 
ferrous  sulphates  with  caustic  soda,  when  the  black 
ferroso-ferric  hydrate  is  thrown  down — 


Fe2(S04)3 

Ferric 

sulphate. 

+ FeSO, 

Ferrous 

sulphate. 

+ 

8NaH0  = 

Sodium 

hydrate. 

Fe(HO)„,  2Fe(HO)3 

Ferroso-ferric  hydrate. 

+ 

4Na2S04 

Sodium 

sulphate. 

This  when  heated  in  a closed  vessel  loses  water 
and  yields  the  ferroso-ferric  oxide. 

Fe(H0)2,  2Fe(HO)3  = FeO,  FegOg  + 

Ferroso-ferric  hydrate.  Ferroso-ferric  Water. 

oxide. 

(c)  The  black  forge-scales^  which  collect  around 
the  blacksmith’s  anvil,  consist  of  the  ferroso-ferric 
oxide. 

Iron  Salts. 

Two  classes  of  iron  salts  exist,  the  ferrous  and  the 
ferric  ; in  the  ferrous  salts  the  iron  is  only  exerting 
part  of  its  atomicity,  and  acting  as  a dyad ; whereas 
in  ferric  salts  it  acts  as  a triad. 

Ferrous  Salts. 

Ferrous  sulphate  (FeSO^  -1-  7HoO).  — This 
salt  is  also  known  as  proto-sulphate  of  iron,  green 
vitriol,  copperas,  and  green  copperas.  It  is  prepared 

(а)  by  the  action  of  dilute  sulphuric  acid  on  iron — 

Fe  -f  H2SO4  = FeSO^  -f  H2 

Iron.  Sulphuric  Ferrous  Hydrogen  ; 

acid.  sulphate. 

(б)  by  the  action  of  dilute  sulphuric  acid  on  ferrous 
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sulphide,  this  being  the  ordinary  method  employed 
for  the  preparation  of  sulphuretted  hydrogen — 

FeS  -b  H2SO4  = FeSO^  ‘ + HgS 

Ferrous  Sulphuric  Ferrous  Sulphuretted 

sulphide.  acid.  sulphate.  hydrogen ; 

(c)  by  gently  roasting  iron  pyrites  (FeSo)  in  the  air. 

Ordinary  ferrous  sulphate  contains  seven  molecules 
of  water  of  crystallisation  (FeSO^,  THgO).  By  care- 
ful heating,  six-sevenths  of  this  water  can  be  expelled, 
leaving  the  dried  sulphate  of  iron  {Ferri  sulphas 
exsiccatus)  of  the  composition  (FeSO^,  HgO).  If 
further  heat  be  employed,  so  as  to  expel  this  last 
molecule  of  water,  then  the  salt  is  decomposed,  ferric 
oxide  being  left  and  Nordhausen  sulphuric  acid 
evolved. 

If  ferrous  sulphate  be  exposed  for  some  time  to 
the  air,  it  loses  its  green  colour  and  becomes  brown, 
owing  to  the  absorption  of  oxygen  and  conversion  into 
basic  ferric  sulphate. 

Ferrous  sulphate  is  very  largely  employed  in  the 
preparation  of  black  writing-ink,  the  black  colour  of 
which  is  due  to  tannate  of  iron  in  a finely-divided 
state  suspended  in  weak  mucilage,  the  tannic  acid 
being  furnished  by  an  infusion  of  galls. 

Ferrous  chloride  (FeCl2).  — This  salt,  also 
known  as  protochloride  of  iron,  is  prepared  by  the 
action  of  hydrochloric  acid  on  iron. 

Fe  -b  2HC1  = FeClg  -b  H2 

Iron.  Hydrochloric  Ferrous  Hydrogen, 

acid.  chloride. 


Ferrous  carbonate  (FeCOg)  is  prepared  by 
mixing  together  solutions  of  ferrous  sulphate  and 
potassium  carbonate,  when  it  is  thrown  down  as  a 
precipitate. 
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FeSO.^  + K3CO3  = FeCOg  + KgSO^ 

Ferrous  Potassium  Ferrous  Potassium 

sulphate.  carbonate.  carbonate.  sulphate. 

Ferrous  carbonate  is,  when  first  precipitated,  of  a 
white  colour,  but  quickly  turns  green,  and  ultimately 
brown  from  absorption  of  oxygen  from  the  air,  and 
conversion  into  ferric  oxyhydrate. 

The  so-called  Griffith’s  mixture  (Mistura  ferri 
composita)  contains  green  ferrous  carbonate  in 
suspension;  the  absorption  of  oxygen  from  the  air 
may  be,  to  a certain  extent,  prevented  by  mixing 
dried  ferrous  carbonate  with  sugar  [Ferri  carhonas 
saccharata).  Ferrous  carbonate  is  appreciably  soluble 
in  water  containing  carbon  dioxide,  and  is  in  this  way 
kept  in  solution  in  chalybeate  spring  waters.  If  such 
a water  be  exposed  to  the  air  for  some  time,  it  becomes 
turbid  from  the  formation  and  deposition  of  ferric 
hydrate. 

Ferrous  sulphide  (FeS)  is  prepared  by  heating 
a mixture  of  iron  filings  and  sulphur,  or  by  rubbing  a 
stick  of  roll  sulphur  against  a bar  of  iron  at  a bright 
red  heat ; it  is  a black  solid. 

Ferrous  iotlide  (Felo)  is  prepared  by  warming 
together  iron  wire,  iodine,  and  water. 

Ferrous  pliosplinte  (Fe3(POJo)  is  prepared  by 
mixing  together  solutions  of  ferrous  sulphate,  sodium 
jihosphate,  and  sodium  bicarbonate. 

SFeSO^  + 2Na3HPO.j  + 2NaHC03  = 

Ferrous  Sodium  Sodium 

sulphate.  phosphate.  bicarbonate. 

Fej(PO^)o  + 3Na,S0^  + 2CO„  + SHjO 

Ferrous  Sodmm  Carbon  Water. 

phosphate.  sulphate.  dioxide. 

The  ferrous  phosphate  comes  down  at  first  as  a 
wliite  precipitate,  quickly  changing  to  a bluish  colour. 
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The  sodium  bicarbonate  is  added  to  prevent  the 

formation  of  free  sulphuric  acid,  which  would  keep 
some  of  the  ferrous  phosphate  in  solution. 

Ferrous  arseiiiate  (Fe3(As04)o)  is  prepared 
by  mixing  together  solutions  of  ferrous  sulphate, 
sodium  arseniate,  and  sodium  bicarbonate. 

3FeSO^  + 2Na,HAs04  + 2NaHC03  = 

Ferrous  Sodium  Sodium 

sulphate.  arseuiate.  bicarbonate. 

Fe3(As0^3  + SNajSO^  + 2CO^  + 2H„0 

Ferrous  Sodium  Carbon  Water, 

arseniate.  sulpliate.  dioxide. 

The  ferrous  arseniate  comes  down  at  first  as  a 

white  precipitate,  quickly  changing  to  a greenish 
colour.  The  sodium  bicarbonate  is  added  for  a reason 
similar  to  that  given  in  connection  wdtli  ferrous 
phosphate. 

Ferric  Salts. 

Ferric  chloride  or  pcrcliloridc  of  iron 

(FeCl3). — This  may  be  prepared  as  black  deliquescent 
plates  (a)  by  passing  chlorine  over  heated  iron — 

2Fe  + SClg  = 2FeCl3 

Iron.  Chlorine.  Ferric  chloride ; 

(6)  by  passing  chlorine  through  a solution  of  ferrous 
chloride  (on  evaporation  it  forms  a yellow  solid) — 

2FeCl2  + CI2  = 2FeCl3 

Ferrous  chloride.  Chlorine.  Ferric  chloride ; 

(c)  by  w^arming  a solution  of  ferrous  chloride  with 
hydrocldoric  and  nitric  acids — 

3FeC1.2  + 3HC1  + HNO3  = 3FeCl3  + NO  + 2H„0 

Ferrous  Hydrochloric  Nitiic  Ferric  Nitrogen  Water, 

chloride.  acid.  acid.  chloride.  dioxide. 
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This  is  the  process  employed  in  the  preparation  of 
the  solution  of  perchloride  of  iron  used  in  medicine 
{Liquor  ferri  'perchloridi).  It  really  consists  in 
the  passage  of  chlorine  into  ferrous  chloride,  since 
the  action  of  the  nitric  acid  is  to  oxidise  the  hydrogen 
of  the  hydrochloric  acid  to  water,  thus  liberating  the 
chlorine,  the  nitrogen  of  the  nitric  acid  being  evolved 
as  nitrogen  dioxide. 

Ferric  sulplia^te  or  persulpliate  of  Iron 

(Fe2(SO^)3)  is  prepared  by  warming  together  a solution 
of  ferrous  sulphate  with  sulphuric  and  nitric  acids. 

6FeS04  + 3H2SO4  + 2HNO3  = 

Ferrous  Sulphuric  Nitric 

sulphate.  acid.  acid. 

3Fej(SO^)3  + 2NO  + 4HjO 

Ferric  Nitrogen  Water, 

sulphate.  dioxide. 

Ferric  nitrate  or  pernitrate  of  iron 

(Fe(N03)g  + GHgO)  is  prepared  by  the  action  of 
dilute  nitric  acid  on  iron. 

Fe  + 4HNO3  = Fe(N03)3  + NO  + 2HoO 

Iron.  Nitric  Ferric  Nitrogen  Water, 

acid.  nitrate.  dioxide. 

Ferric  acetate  or  peracetate  of  iron 

i'Fe(C2H302)3)  is  prepared  by  dissolving  freshly  pre- 
cipitated ferric  hydrate  in  glacial  acetic  acid. 

Iron  and  eyanog^en  compounds.  {See 
Organic  Chemistry,  Chapter  III.). 

Oeneral  methods  of  raising  ferrous  salts 
to  the  ferric  state. — {a)  The  passage  of  chlorine 

gas  through  a solution  of  a ferrous  salt  raises  it  to  the 
ferric  state,  thus  : 

2FeCl2  + CI2  = 2FeCl3 

Ferrous  Chlorine.  Ferric 

chloride  chloride. 


Chap.  VII.]  Reduction  of  Ferric  Salts. 


3^5 


GFeSO^  + 3CI2  = 2Fe.3(SOj3  + 2FeCL 

Ferrous  Chlorine.  Ferric  Ferric 

sulphate.  sulphate.  chloride. 

(b)  Nitric  acid  witJi  heat  will  raise  any  ferrous 
salt  to  the  ferric  state,  thus  : 


SFeClo  + 4HNO3 

Ferrous"  Nitric 

chloride.  acid. 


2FeCl3  + Fe(N03)3  + 

Ferric  Ferric 

chloride.  nitrate. 


NO  + 2H2O 

Nitrogen  Water, 

dioxide. 


SFeSO^  + 4HNO3 

Ferrous  Nitric 

sulphate.  acid. 


Fe2(SOj3  + 

Ferric 

sulphate. 


Fe(N03)3 

Ferric 

nitrate. 


NO  + 2H3O 

Nitrogen  Water, 

dioxide. 


(c)  Long-continued  exposure  to  air  will  convert 
most,  and  heating  in  the  air  will  convert  all  ferrous 
salts  into  ferric  salts. 

Oeneral  methods  of  reducing:  ferric  salts 
to  the  ferrous  state._(a)  If  to  a solution  of  a 
ferric  salt  some  zinc  be  added,  and  then  sufficient 
hydrochloric  acid  to  act  on  the  zinc  and  liberate 
hydrogen,  the  nascent  hydrogen  will  reduce  the  ferric 
salt  to  the  ferrous  state. 


2FeCl3  + Hg  = 2FeCL  + 2HC1 

Feme  Hydrogen.  Ferrous  Hydrochloric 

chloride.  chloride.  acid. 


(b)  If  sulphuretted  hydrogen  be  passed  through  a 
solution  of  a ferric  salt,  the  latter  will  be  reduced  to 
the  ferrous  state,  sulphur  being  thrown  down. 


4FeCl3  -f  2HoS  = IFeClg  + 4HC1  + S„ 

Ferric  Sulphuretted  Ferrous  Hydrochloric  Sulphur, 

chloride.  hydrogen.  chloride.  acid. 
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(c)  If  to  a solution  of  a ferric  salt,  solution  of 
stannous  chloride  be  added,  the  former  will  be  reduced 
to  the  ferrous  state,  the  latter  being  raised  to  the 
stannic  state. 

2FeCl3  4-  SnClg  = 2FeCl2  + SnCl^ 

Ferric  Stannous  Ferrous  Stannic 

chloride.  chloride.  chloride.  chloride. 

Tests  for  iron  occurring  as  a ferrous  salt. 

(i)  Ammonium  sulphide  gives  a black  precipitate 
of  ferrous  sulphide. 

(ii)  Sulphuretted  hydrogen  gives  no  precipitate 
with  a ferrous  salt  in  acid  solutions.  This  negative 
reaction  is  of  value  in  the  separation  from  iron  of 
metals  precipitated  by  sulphuretted  hydrogen. 

(iii)  Potassium  ferrocyanide  (K^FeCy^)  gives  with 
ferrous  salts  a precipitate,  at  first  almost  white,  but 
rapidly  changing  to  a light  blue  colour,  owing  to 
absorption  of  oxygen  from  the  air.  This  precipitate 
is  a double  ferrocyanide  of  iron  in  the  ferrous  state 

and  potassium  (FeK2^eCyg). 

(iv)  Potassium  ferricyanide  (KgFeCyg)  gives 
with  ferrous  salts  a dark  blue  precipitate  (KFcoCyg), 
sometimes,  though  erroneously,  called  Turnbull’s  blue 
(FegFeoCy^g). 

(v)  Potassium  sulphocyanide  gives  no  colour  with 
ferrous  salts,  provided  they  are  quite  free  from  ferric 
salts. 

(vi)  Alkalies,  such  as  ammonia,  potash,  and  soda, 
partially  precipitate  ferrous  salts  as  ferrous  hydrate, 
the  precipitate  being  white  at  first,  but  rapidly  turn- 
ing to  a greenish  colour  from  absorption  of  oxygen 
from  the  air,  and  then  slowly  becoming  rusty  brown. 
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Tests  for  iron  occurring  as  a ferric  salt. 

(i)  Ammonium  sulpliide  reduces  a ferric  salt  to 
tlie  ferrous  state,  producing  a mixed  precipitate  of  the 
black  ferrous  sulphide  and  sulphur. 

(ii)  Sulphuretted  hydrogen  passed  through  a solu- 
tion of  a ferric  salt  reduces  it  to  the  ferrous  state, 
sulphur  being  precipitated. 

(iii)  Potassium  ferrocyanide  (K^FeCyg)  gives  a 
dark  blue  precipitate  (KFegCyg),  sometimes,  though 
erroneously,  called  Prussian  blue  (Fe^(FeCyg)3). 

(iv)  Potassium  ferricyanide  gives  with  a solution 
of  a ferric  salt  a brownish  colour,  no  precipitate  being 
produced. 

(v)  Potassium  sulphocyanide  gives  with  solutions 
of  ferric  salts  a deep  blood-red  colour,  due  to  the 
formation  of  the  soluble  ferric  sulphocyanide. 

(vi)  The  alkalies,  ammonia,  potash,  and  soda, 
precipitate  from  ferric  solutions  the  reddish-brown 
ferric  hydrate. 


Distinguishing  Tests  between  Ferrous  and  Ferric  Salts. 


Ferrous  Salts. 

Ferric  Salts. 

Potassium  ferro- 

cyanide. 

Light  blue  precip. 

Dark  blue  precip. 

Potassium  ferri- 

cyanide. 

Dark  blue  precip. 

N 0 precip. ; brownish 
colour  produced. 

Potassium  sulpho- 
cyanide. 

No  change  of  colour 
if  the  ferrous  salt 
is  pure. 

Dark  blood  - red 
colour. 

Alkalies  . 

Green  precip.,  turn- 
ing rusty  brown 
on  surface. 

Reddish-brown  pre- 
cipitate. 
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COBALT  AND  NICKEL 

Occur  in  nature  usually  in  combination  with  arsenic 
and  sulphur,  from  which  the  metals  are  extracted  by 
a somewhat  complex  process.  Both  metals  are  hard, 
magnetic,  malleable,  and  white,  nickel  having  a yel- 
lowish tinge.  They  melt  at  very  high  temperatures, 
and  are  both  used  for  plating  iron,  brass,  etc. 

The  cohalt  salts,  when  hydrated,  are  usually  pink 
in  colour,  but  when  rendered  anhydrous  by  heat  they 
become  blue. 

The  most  common  salt  is  the  nitrate  (Co(NOg)2  b 
SH,0) ; it  is  used  as  a test,  in  the  dry  way,  for 
aluminium,  zinc,  and  magnesium  compounds. 

Nickel  has  become  recently  of  great  importance  in 
connection  with  the  steel  industry,  since  steel,  by  the 
addition  of  about  5 per  cent,  of  nickel,  has  its  tensile 
strength  increased  about  one-half.  Very  valuable 
deposits  of  nickel  sulphide  were  found  in  Canada 
during  the  construction  of  the  Canadian  Pacific  Rail- 
way. Much  nickel  is  used  for  making  German  silver, 
which  is  brass  (copper  and  zinc),  alloyed  with  10  to 
20  per  cent,  of  nickel.  The  nickel  salts  are  usually 
green. 

Cobalt  compounds  give  a blue  colour  to  a borax 
bead  and  to  glass,  nickel  compounds  give  a smoke- 
coloured  borax  bead. 

Nickel  forms  a colourless  volatile  liquid  with 
carbon  monoxide.  No  such  compound  with  cobalt  is 
known, 
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COPPER. 

Symbol^  Cu  ; dyad;  atomic  loeight.  63 '6;  specific 
gravity,  8*9  ; melts,  1080°. 

Natural  compounds  of  copper.  — (i)  The 

commonest  copper  ore  is  copper  pyrites,  a double 
sulphide  of  copper  and  iron  (CuFeSo),  containing  in 
addition  some  sulphide  of  arsenic.  (ii)  Cuprite  or 
red  copper  ore  consists  of  cuprous  oxide  (CugO). 
(iii)  Malachite  is  a double  carbonate  and  hydrate  of 
copper  (CuCOg,  Cu(HO)2).  (iv)  The  metal  copper 
is  found  to  a certain  extent  free  in  nature,  occurring 
especially  in  ISTorth  America. 

Preparation  of  the  metal  copper. The 

separation  of  metallic  copper  from  copper  pyrites  is 
a lengthy  and  complicated  process  ; briefly  described, 
the  copper  ore  is  first  roasted,  the  temperature  is  then 
raised  till  the  ore  fuses ; the  two  chief  products  are 
cuprous  sulphide  and  silicate  of  iron  : the  silicate  of 
iron  is  separated;  by  repeating  the  roasting  and  fusing 
all  the  iron  is  removed  as  silicate.  The  nearly  pure 
cuprous  sulphide  is  then  carefully  roasted  until  two- 
thirds  are  converted  into  oxide.  The  temperature  is 
then  raised,  and  the  following  reaction  takes  place: 
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2CU20  + CU3S 

Cuprous  Cuprous 

oxide.  sulphide. 


6CU  + SOg 

Copper.  Sulphur 

dioxide. 


The  copper  is  remelted  and  stirred  np  with  a 
pole  of  wood  to  reduce  any  oxide  which  may  be 
present. 

Chemically  pure  copper  may  be  obtained  by 
passing  hydrogen  over  copper  oxide  raised  to  a red 
heat  or  by  electrolysis. 

2CuO  + 2H2  = 2Cu  + 2H2O 

Copper  Hydrogen.  Copper.  Water. 

oxide. 

Properties  of  the  metal  copper. — Copper  is 
one  of  the  few  metals  possessing  a distinctive  colour 
— it  is  bright  red  ; it  is  a very  malleable  and  ductile 
metal,  and  is  an  extremely  good  conductor  of  both 
heat  and  electricity,  hence  its  employment  for  lightning 
conductors,  etc.  Copper  remains  unchanged  in  dry  air, 
but  in  moist  air  it  becomes  gradually  covered  with  a ‘ 
green  layer  of  a basic  copper  carbonate,  frequently 
mistaken  for  verdigris  (oxyacetate  of  copper).  Water 
can  be  boiled  in  copper  vessels  without  attacking 
them,  but  a solution  of  common  salt  slowly  attacks 
copper,  forming  a green  oxychloride  of  copper,  and 
vinegar  still  more  readily  acts  on  copper  vessels  form- 
ing verdigris  (oxyacetate  of  copper);  hence  the  danger 
of  using  copper  vessels  for  culinary  purposes,  the 
copper  salts  produced  by  the  action  of  common  salt 
and  vinegar  being  poisonous.  Copper  does  not  decom- 
pose steam,  even  at  a bright  red  heat ; if  copper  be 
heated  to  redness  in  the  air,  it  readily  oxidises,  form- 
ing the  black  copper  oxide  (CuO).  The  metal  copper 
is  deposited  from  its  solutions  by  either  iron  or  zinc, 
and  it  is  also  deposited  at  the  negative  pole  when  an 
electric  current  is  passed  through  a solution  of  copper 
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sulphate,  a process  employed  in  producing  electrotypes 
or  copies  of  objects  in  copper. 

Copper  enters  into  the  formation  of  several  very 
useful  alloys.  Brass  contains  about  70  parts  of  copper 
to  30  parts  of  zinc ; a larger  proportion  of  zinc  yields 
an  alloy  of  a pale  yellow  colour,  known  as  Muntz  metal, 
largely  used  for  covering  wooden  ships ; by  increasing 
the  amount  of  copper,  and  adding  a little  tin,  Dutch 
metal  is  obtained.  Bronze,  gun-metal,  and  hell-metal 
are  alloys  of  copper  and  tin  containing  from  80  to  90 
per  cent,  of  copper  ; speculum  metal  is  a hard  white 
alloy  of  2 parts  of  copper  to  1 part  of  tin  with  a 
little  arsenic ; it  is  capable  of  taking  a high  polish, 
and  is  used  for  the  mirrors  of  reflecting  telescopes. 
German  silver  or  nickel  silver  is  an  alloy  of  copper, 
zinc,  and  nickel ; all  silver  articles  and  silver  coins 
contain  some  copper,  in  order  to  render  the  silver 
harder ; aluminium  bronze  or  aluminium  gold  is  an 
alloy  of  copper  and  aluminium. 

Action  of  acids  on  copper. — Dilute  sul- 
phuric acid  has  no  action  on  the  inetal  copper.  Strong 
sulphuric  acid  with  heat  readily  acts  on  copper,  form- 
ing the  sulphate  and  evolving  sulphur  dioxide  gas. 


Cu  -f  2H2SO4  = CUSO4 

Copper.  Sulphuric  Copper 

acid.  sulphate. 


SOg  -f  2HgO 

Sulphur  Water, 

dioxide. 


-b 


Nitric  acid  readily  acts  on  copper,  forming  copper 
nitrate,  with  evolution  of  nitrogen  dioxide. 


3Cu 

-h  8HNO3 

= 3Cu(N03), 

Copper. 

Niti’ic 

Copper 

acid. 

nitrate. 

2NO  -f 

4HgO 

Nitrogen 

dioxide. 

Water. 
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Hydrochloric  acid  has  no  action  on  copper. 

Cuprous  oxide’ (CugO). — Red  oxide  of  copper 
is  best  prepared  by  boiling  a mixed  solution  of 
copper  sulphate,  grape  sugar,  and  caustic  potash  or 
soda ; in  the  absence  of  the  grape  sugar,  cupric 
oxide  (CuO)  would  be  thrown  down,  but  the  grape 
sugar  possesses  the  property  of  abstracting  one-half 
of  the  oxygen  from  the  cupric  oxide,  with  the  con- 
sequent formation  and  precipitation  of  the  red 
cuprous  oxide.  This  constitutes  the  test  for  sugar  in 
diabetic  urine. 

Cupric  oxide  (CuO). — Black  copper  oxide  may 
be  obtained  {a)  by  roasting  metallic  copper  in  air, 
(6)  by  heating  copper  nitrate — 


2Cu(N03)2  = 2CuO  + 4NO2  + O2 

Copper  Cupric  Nitrogen  Oxygen ; 

nitrate.  oxide.  tetroxide. 


(c)  by  adding  caustic  soda  to  a solution  of  copper 
sulphate  to  precipitate  the  light  blue  copper  hydrate 
(Cu(HO)2),  and  then  boiling  the  liquid,  when  the 
copper  hydrate  decomposes  into  cupric  oxide  and 
water. 

Cu(HO)2  = CuO  -h  HoO 

Copper  Cupric  Water, 

hydrate.  oxide. 


Copper  S.vlts. 

Copper  forms  two  classes  of  compounds,  cupric  and 
C2iprous  ; thus  ; — 

Cl  — Cu  — Cl  Cl  - Cu  — Cu  — Cl 

Cupric  chloride.  Cuprous  chloride. 

Cupric  chloride  (CuClg)  is  obtained  as  a 
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brown  powder  by  burning  metallic  copper  in  chlorine, 
01  as  a green  solution  by  dissolving  the  carbonate  in 
hydrochloric  acid. 

Ciiproii!^  cliaoricle  (CuoCb)  is  obtained  by  boil- 
ing cupiic  chloride  with  hydrochloric  acid  and  copper 
turnings  and  j)ouring  the  solution  into  water,  when 
it  is  thrown  down  as  a white  precipitate. 

Copper  sulphate  (CuSO^  -P  SH^O).— This,  the 
commonest  salt  of  copper,  is  also  known  as  blue  vitriol 
and  bluestone.  It  is  prepared  {a)  by  the  action  of  hot 
strong  sulphuric  acid  on  the  metal  copper — 


Cu  -f  2H2SO4 

Copper.  Sulphuric 

acid. 


= CuSO^  + 

Copper 

sulphate. 


SO2  + 2H2O 

Sulphur  Water ; 

dioxide. 


the  result  of  the  action  is  a greyish  powder,  consist^ 
ing  of  anhydrous  copper  sulphate  with  some  sulphide  ; 
on  pouring  off  the  strong  sulphuric  acid  and  adding 
water,  a blue  solution  is  obtained  which  is  filtered 
and  evapoi  ated,  when  crystals  of  ordinary  copper 
sulphate  or  blue  vitriol  separate  ; 

(^)  action  of  dilute  sulphuric  acid  on  cupric 

oxide — 


CuO  + H2SO4 

Cupric  Sulphuric 

oxide.  acid. 


CuSO^  + HjO 

Copper  Water ; 

sulphate. 


(c)  by  roasting  copper  pyrites  in  the  air,  bj 
which  process  it  is  obtained  mixed  with  sulphate 
of  iron. 

Copper  sulphate  in  its  crystalline  condition  con- 
tains five  molecules  of  water  of  crystallisation  (CuSO^, 
SH^O) ; these  can  be  expelled  by  heat,  leaving  the 
anhydrous  copper  sulphate  (CuSO^),  which  is  of  a 
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white  colour ; if  this  anhydrous  copper  sulphate  is 
shaken  with  liquids  containing  water,  it  unites  with 
the  water  forming  the  blue  crystalline  variety,  and 
hence  becomes  a valuable  test  for  the  detection  of 
water  in  liquids  which  should,  if  pure,  be  free  from 
it,  such  as  absolute  alcohol. 

Copper  nitrate  (Cu(N03)3  + SHgO)  is  prepared 
by  the  action  of  nitric  acid  on  copper. 


3Cu  + 8HNO3 

Copper.  Nitric 

acid. 


3Cu(N03)2  + 

Copper 

nitrate. 


2NO  + 4H2O 

Nitrogen  Water, 

dioxide. 


Copper  oxyacetate  (verdigris)  (Cu(C2H30o)2, 
2CuO  4-  3H2O)  is  prepared  by  exposing  copper  to  the 
vapour  of  acetic  acid  and  the  action  of  the  air. 

Copper  arseiiite  (Scheele’s  green)  (CuHAsOg) 
is  prepared  by  mixing  solutions  of  copper  sulphate 
and  sodium  arsenite,  when  it  is  thrown  down  as  a 
bright  green  precipitate. 

CuSO^,  + Na2HAs03  = CuHAsOg  + Na2SO^ 

Copper  "Sodium  Scheele’s  Sodium 

sulphate.  arsenite.  green.  sulphate. 

Scheele’s  green  is  very  poisonous,  mainly  on 
account  of  the  arsenic  contained  in  it ; it  is  a pigment 
frequently  employed  in  the  colouring  of  wall-papers, 
book-covers,  etc.  For  the  methods  of  detecting  it  in 
wall-papers,  etc.,  see  pages  285,  287. 


Tests  for  Go'p'per. 

I 

(i)  Sulphuretted  hydrogen  passed  into  copper 
solutions  gives  a black  precipitate  of  copper  sulphide 
(CuS). 
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(ii)  Ammonium  sulphide  gives  a similar  precipi- 
tate of  the  black  copper  sulphide. 

(iii)  Potassium  ferrocyanide  with  acetic  acid 
give  a reddish-brown  precipitate  of  copper  ferro- 
cyanide (Cu2FeCyg).  This  is  the  most  delicate  test 
for  copper,  as  an  extremely  dilute  solution  of  a copper 
salt  is  tinted  reddish-brown  on  the  addition  of  potas- 
sium ferrocyanide. 

(iv)  Solution  of  ammonia  gives  a light  blue  pre- 
cipitate of  copper  hydrate  (Cu(HO)o),  readily  soluble 
in  excess  of  ammonia  and  yielding  an  intensely  dark 
blue  solution.  This  is  a very  delicate  test  for  copper 
salts. 

(v)  Solution  of  caustic  potash  or  caustic  soda 
produces  a light  blue  precipitate  of  copper  hydrate, 
not  soluble  in  excess  of  the  fixed  alkali  ; on  boiling 
the  liquid,  the  light  blue  precipitate  turns  black,  owing 
to  the  decomposition  of  the  copper  hydrate  into  cupric 
oxide  and  water. 

(vi)  A piece  of  bright  steel,  such  as  the  polished 
steel  blade  of  a knife,  if  immersed  in  an  acid  solution 
of  a copper  salt,  becomes  in  a short  time  coloured  with 
a reddish  deposit  of  the  metal  copper  upon  it.  This  is 
a ready  and  useful  test  for  ascertaining  whether  a blue 
liquid  contains  copper  or  not. 

(vii)  Copper  salts  give  a green  colour  to  the 
Bunsen  flame,  except  the  chloride,  which  gives  a blue 
colour. 

(viii)  When  fused  into  borax  copper  salts  give 
in  the  outer  flame  a bead  which  is  green  when  hot 
and  blue  when  cold;  in  the  inner  flame  the  bead 
becomes  red  and  opaque. 
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SILVER. 

Symbol,  Ag ; monad ; atomic  weight,  lOS;  specific 
gravity,  10'56;  melts  at  960°. 

Occurrence  in  nature. — Silver  occurs  free  in 
nature ; also  as  horn  silver  (AgCl)  ; sulphide  of  silver 
(AggS)  is  frequently  contained  in  other  native  sul- 
phides, notably  in  those  of  lead,  copper,  and  anti- 
mony. 

l^xtraction  of  the  metal  silver. — The  cupel- 
lation  process  for  extracting  silver  from  lead  has 
already  been  described  in  connection  with  the  latter 
metal  {see  page  269).  The  amalgamation  process  for 
the  extraction  of  silver  consists  in  roasting  the  silver 
ores  with  common  salt  (sodium  chloride),  by  which 
means  silver  chloride  is  formed  ; the  roasted  ores  are 
then  agitated  in  barrels  with  water  and  scrap  iron, 
the  iron  abstracting  the  chlorine  from  the  silver 
chloride  to  form  ferrous  chloride,  and  setting  free  the 
metal  silver  ; mercury  is  then  introduced  into  the 
barrels  and  they  are  again  thoroughly  agitated,  when 
an  amalgam  of  mercury  and  silver  is  formed  ; this 
amalgam  is  removed  and  heated  in  retorts,  when  the 
mercury  distils  over,  the  metal  silver  being  left  in  the 
retort.  In  Mexico  the  silver  ore  is  ground  with 
water,  salt  and  copper  sulphate,  and  thereby  converted 
into  chloride  of  silver.  Mercuiy  is  now  added  and 
an  amalgam  of  silver  formed  which  is  heated  as 
above. 

2AgCl  -f  2Hg  = Hg^Clo  -f  2Ag 

Silver  Mercury.  Calomel.  Silver, 

cliloride. 

Properties  of  the  metal  silver. — Silver  is  a 
white,  lustrous  metal ; it  is  soft,  and  so  malleable  that 
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it  can  be  beaten  into  extremely  thin  leaves  {silver 
leaj).  It  does  not  oxidise  at  any  temperature  in  the 
aij‘.  but  in  the  molten  state  it  possesses  the  peculiar 
power  of  dissolving  about  20  times  its  volume  of 
oxygen  from  the  air ; this  oxygen  is  given  off  when 
ihe  silver  cools  and  solidifies,  producing  the  phe- 
nomenon known  as  the  spitting  of  silver.  Sulphur- 
etted hydrogen  blackens  silver,  and  hence  polished 
silver  articles  slowly  tarnish  when  exposed  to  the  air. 
Pure  silver  is  too  soft  for  use,  but  by  the  admixture 
of  a small  amount  of  copper  with  it,  a hard  alloy  is 
obtained.  Standard  silver  contains  92-5  per  cent,  of 
silver  and  7 '5  per  cent,  of  copper.  To  prepare  a 
specimen  of  pure  silver  from  a coin,  dissolve  in  nitric 
acid,  to  the  green  solution  add  hydrochloric  acid,  when 
the  silver  is  precipitated  as  silver  chloride;  this  is 
washed  till  free  from  copper  and  then  fused  with 
sodium  carbonate. 


2AgCl  + Na^COg 

Silver  Sodium 

chloride.  carbonate. 


2NaCl  -f  2Ag  -j- 

Salt.  Silver. 


CO2  + o 

Carbon  Oxygen, 
dioxide. 


Action  of  acids  011  silver — Hydrochloric  acid 
does  not  attack  silver.  Nitric  acid  forms  silver  nitrate, 
with  evolution  of  nitrogen  dioxide.  ’ 


3Ag  + 4HNO3 

Silver.  Nitric 

acid. 


SAgNOj  + NO  + 2H„0 

Silver  Nitrogen  Water, 

nitrate.  dioxide. 


Hot  strong  sulphuric  acid  acts  on  silver,  forming 
silver  sulphate  and  evolving  sulphur  dioxide. 


2Ag  + 2H2SO, 

Silver.  Sulphuric 

acid. 


AggSO^  + SO2  -f 

Silver  Sulphur 

sulphate.  dioxide. 


2HoO 

Water. 
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Silver  oxide  (AgoO)  is  prepared  by  precipitating 
a solution  of  silver  nitrate  with  a solution  of  potash, 
soda,  or  lime ; lime-water  is  preferable  on  account  of 
its  freedom  from  chlorides. 

2AgN03  -|-  Ca(HO)3  = 

Silver  Calcium 

uitrate.  hydrate. 


Silver 

oxide. 


-f-  Ca(N  03)2  + H2O 

Calcium  Water, 

nitrate. 


Silver  oxide  is  a brown  powder,  which  is  reduced 
to  the  metallic  state  either  by  heat  or  by  contact  with 
organic  matter ; on  account  of  this  last-mentioned 
property  it  should  not  be  used  in  medicine  combined 
with  an  essential  oil  or  other  organic  substance. 


Silver  Salts. 

Silver  nitrate  (AgN03)  is  prepared  by  the 
action  of  nitric  acid  on  silver  {see  above).  If  silver 
nitrate  is  carefully  melted,  and  then  poured  into 
moulds,  it  solidifies  in  the  form  of  sticks,  known  as 
lunar  caustic,  a substance  frequently  employed  for 
external  application  as  a caustic.  The  blackening 
produced  on  the  skin  after  the  application  of  silver 
nitrate  is  due  to  the  reduction  of  the  salt  to  metallic 
silver.  A weaker  caustic  known  as  mitigated  caustic 
is  a mixture  of  silver  and  potassium  nitrates,  and  is 
prepared  by  fusing  together  one  part  of  silver  nitrate 
with  two  parts  of  potassium  nitrate. 

Silver  chloride,  bromide  and  iodide. — These 
compounds  are  obtained  as  precipitates  when  the 
corresponding  potassium  salts  are  added  to  a solution 
of  silver  nitrate.  They  are  all  very  sensitive  to  the 
action  of  light,  becoming  reduced  to  a sub-salt  after 
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exposure,  and  this  sub-salt,  if  afterwards  treated  with 
a reducing^  agent,  becomes  converted  into  metallic 
silver.  It  is  on  account  of  their  sensitiveness  to  light 
that  these  silver  salts  are  used  in  the  production  of 
photographs.  The  dry  plates  now  used  in  photography 
consist  of  glass  plates  covered  with  a film  of  silver 
iodide  or  bromide  suspended  in  gelatine  ; these  plates 
are  exposed  in  the  camera  to  the  light  reflected 
fiom  the  object  to  be  photographed;  where  the  light 
falls,  the  silver  salt  is  more  or  less  reduced  to  a sub- 
salt, according  to  the  intensity  of  the  light.  If 
the  exposed  plate  is  now  placed  in  a solution  of  a 
reducing  agent,  such  as  pyrogallic  acid  and  ammonia 
the  sub-salt  is  completely  reduced  to  metallic  silver ; 
this  is  the  process  known  as  clevelo'ping.  To  preserve 
t lis  picture  and  to  prevent  the  undecomposed  silver 
salt  from  blackening  when  exposed  to  the  light,  it 
must  now  be  fixed  ; this  process  consists  in  dissolvino- 
out  the  undecomposed  bromide  or  iodide  of  silver  by 
immersing  the  plate  in  a solution  of  sodium  thiosulphate 
(hyposulphite  of  soda).  [See  page  202.) 

_ In  this  way  a negative  is  obtained,  showing  the 
blight  parts ^ of  the  object  dark  and  the  dark  parts 
light;  to  print  an  ordinary  photograph  on  to  paper, 
the  negative  IS  placed  over  a sheet  of  paper  prepared 
with  silver  chloride,  and  then  exposed  to  the  lif^ht 
Silver  chloride  is  white,  but  rapidly  darkens  when 
exposed  to  daylight.  When  heated  it  melts,  and  on 
cooling,  forms  a dark  brown  mass  like  horn,  hence  it 
is  sometimes  called  horn  silver.  Silver  bromide  is 
whitish  in  colour,  silver  iodide  is  pale  yellow  and  is 
insoluble  in  ammonia. 


Tests  for  Silver. 

(>)  Hydrochloric  acid  gives,  with  solutions  of 
silver  salts,  a white  curdy  precipitate  of  silver  chloride 
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insoluble  in  nitric  acid,  but  soluble  in  solution  of 
ammonia. 

(ii)  Potassium  chromate  gives,  with  a neutral 
solution  of  a silver  salt,  a red  precipitate  of  silver 
chromate. 

(iii)  Sodium  phosphate  gives,  with  a neutral 
solution  of  a silver  salt,  a yellow  precipitate  of  silver 
phosphate. 

GOLD. 


Symbol,  Au ; triad;  atomic  weight,  197-2;  specific 
gravity,  19*4;  melts  at  1250°. 

Gold  occurs  in  nature  in  the  free  state.  It  is 
found  in  masses  called  nuggets,  and  also,  in  a more 
finely- divided  state,  in  quartz  rocks  and  in  alluvial 
quartz  sand  which  has  been  deposited  by  the  disinte- 
gration of  the  older  rocks.  It  is  extracted  by  shaking 
with  mercury,  or  by  dissolving  it  out  (1)  by  chlorine 
water,  or  (2)  by  a weak  solution  of  sodium  cyanide. 
Pure  gold  is  prepared  by  melting  ordinary  gold  with 
three  parts  of  silver,  and  then  dissolving  out  the  silver 
either  with  nitric  acid  or  by  boiling  strong  sulphuric 
acid,  when  the  gold  is  left  as  a brown  powder. 

Gold  is  one  of  the  few  metals  possessing  a decided 
tint,  and  is  distinguished  by  its  yellow  colour.  It  is 
soft  and  very  malleable,  and  can  be  beaten  out  into 
thin  leaves  (gold-leaf).  It  can  be  hammered  so  thin 
as  to  transmit  light,  the  light  being  of  a bluish-green 
colour.  Gold  is  too  soft  a metal  for  general  use,  and 
is  therefore  alloyed  with  copper,  in  order  to  produce 
a hard  alloy,  which  does  not  so  readily  wear  away 
when  used.  The  fineness  of  a sample  of  gold  is  in 
England  expressed  in  carats,  pure  gold  being  said  to 
be  24  carats.  Thus,  18-carat  gold  consists  of  18  parts 
of  gold  alloyed  with  6 parts  of  copper;  15-carat  gold 
consists  of  15  parts  of  gold  alloyed  with  9 parts  of 
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copper,  and  so  on.  English  sovereigns  and  half- 
sovereigns  are  made  of  22-carat  gold,  that  is,  of  22 
parts  of  gold  alloyed  with  2 parts  of  copper. 

Gold  is^  not  attacked  by  sulphuric,  hydrochloric 
01  nitric  acids  separately  ; it  is  acted  on  by  aqua  regia 
tnitro-hydrochloric  acid),  auric  chloride  (AuCL)  beincr 
formed,  and  nitrogen  dioxide  evolved.  ^ 


All  -f  3HC1  -t-  HNO,  = 


Gold. 


Hydrochloric 
acid. 


Nitric 

acid. 


AuClg  -f  NO  + 2H2O 

Auric  Nitrogen  Water, 

chloride.  dioxide. 


PLATINUM. 

Symbol,  Pt;  tetrad;  atomic  weight,  195;  specific 
gravity,  2L7  ; melts  at  2000°. 

^ Platinum  occurs  in  nature  in  the  metallic  state 
mixed  with  quartz.  It  is  a very  tough  metal,  and 
on  account  of  the  very  high  temperature  (2000°  0.1 
required  to  melt  it,  it  is  very  suitable  for  the  manii- 
lacture  of  crucibles,  dishe.s,  etc.,  used  for  analytical 
work.  Platinum  may  be  obtained  as  a grey  sponcry 
mass,  spongy  platinum,  by  heating  the  double 

cnioricle  ot  platinum  and  ammonium  (PtCL,  2NH  Cl)  • 
tins  spongy  platinum  is  very  porous,  and  possesses  the 
power  of  occluding,  or  condensing  within  its  pores 
oxygen  from  the  atmosphere.  This  occluded  oxyven 
IS  so  active  that,  if  a stream  of  hydrogen  is  directed 
on  to  spongy  platinum,  the  platinum  first  becomes 
redl-hot,  and  then  ignites  the  hydrogen.  Dobereiner’s 
hydrogen  lamp  depends  upon  this  property  of  spongy 
platinum  igmtnig  a jet  of  hydrogen. 

Platinum  ^ is  not  attacked  °by  sulphuric,  hydro- 
chloric, or  nitric  acids  separately ; it  is  acted  on 
by  aqua  regia  (mtro-hydrochloric  acid),  platinic 

evo°ved!  “‘rogen  dioxide 
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Three  of  the  metals  discussed  in  this  chapter,  viz. 
copper,  silver  and  gold,  find  their  place,  in  the  periodic 
classification  (page  206),  in  the  first  column,  following 
under  the  metal  sodium ; their  points  of  resemblance 
with  that  metal  are  not  numerous,  whereas  their 
points  of  difference  are  striking.  Thus,  they  do  not 
decompose  water  at  ordinary  temperatures  ; they  occur 
in  nature  in  the  metallic  state.  Silver  is  a monovalent 
metal,  and  resembles  sodium  in  the  fact  that  it  forms 
an  alum  with  aluminium  sulphate  ; on  the  other  hand, 
copper  is  divalent  and  gold  trivalent  in  their  most 
characteristic  compounds.  Platinum  comes  in  the 
eighth  column,  among  the  difficultly  fusible  metals. 
By  some  chemists  the  metals  mercury,  silver,  gold, 
and  platinum  have  been  classed  together  as  the  nohle 
metals  because  their  oxides  are  reduced  to  the  metallic 
state  by  the  action  of  heat  alone. 
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CHAPTER  I. 

ORGANIC  COMPOUNDS. 

Organic  Compounds-Organio  Kadicles— Destructive  or  Dry  Dis 
tillation — Decay — Ferrxientation — Putrefaction. 

Organic  chemistry  includes  the  chemistry  of  the 
organic  compounds.  The  term  organic  is  derived 
from  opyavor,  an  organ.  Originally  organic  chemistry 
only  included  the  chemistry  of  those  compounds  formed 
in  plants  and  animals  as  the  result  of  the  vital  pro- 
cesses^  occurring  in  their  cells  and  tissues ; at  that 
tune  it  was  believed  that  organic  compounds  could 
not  be  prepared  artificially,  but  were  only  formed  as 
the  result  of  the  vital  processes  taking  place  in  plants 
and  animals.  This  distinction  is  now  well  known  to 
le  eironeous,  a number  of  organic  substances  having' 
been  artificially  prepared,  either  from  their  elements 
XT  ^ inorganic  compounds.  For  instance,  cyanogen 

urea  alcohol 

(UgkLs-LlO),  and  many  other  organic  substances  have 
been  artificially  prepared  from  purely  inorganic 
materials.  All  organic  bodies  contain  the  element 
carbon  ; this  element  is  a tetrad,  and  has  four  points 
to  which  other  elements  can  attach  themselves,  as 
we  see  in  Marsh  gas  (CHJ. 
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Carbon  lias,  moreover,  a power  of  linking  itself  atom 
to  atom,  to  form  with  other  elements  stable  com- 
pounds of  great  complexity,  which  is  quite  unique  j 
thus,  the  red  colouring  matter  of  the  blood,  haemo- 
globin, is  believed  to  contain  in  its  molecule  600 
atoms  of  carbon,  960  of  hydrogen,  154  of  nitrogen, 
179  of  oxygen,  besides  3 atoms  of  sulphur  and  1 
of  iron.  No  other  element  seems  capable  of  forming 
compounds  of  such  complexity.  As  carbon  plays  such 
an  important  part,  organic  chemistry  may  be  shortly 
defined  as  the  chemistry  of  the  carbon  compounds^  ex- 
cluding the  two  oxides  and  the  sulphide  of  carbon 
(CO,  CO2,  CSo),  which  are  usually  classed  as  inorganic 
substances. 

We  may  look  at  organic  chemistry  from  anothei 
point  of  view,  which  is  very  instructive.  In  the 
inorganic  part  the  number  of  elements  is  large,  but 
the  number  of  compounds  of  any  one  element  (ex- 
cluding carbon)  is  comparatively  small.  In  the 
organic  compounds  the  number  of  elements  is  small, 
but  the  number  of  the  compounds  of  these  few 
elements  seems  almost  unlimited.  The  elements,  in 
fact,  of  the  inorganic  portion  are  represented  in 
organic  bodies  by  the  groups  of  elements  called 
radicles;  for  instance,  taking  the  element  potas- 
sium, we  have  its  hydrate,  its  oxide,  its  chloride, 
its  sulphate,  etc. ; parallel  series  of  compounds  am 
formed  by  many  organic  radicles.  We  will  take  as- 
an  example  ethyl  (C0H5)  ; this  is  a monovalent  radicle,, 
as  can  be  seen  from  its  graphic  formula ; 
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This  radicle  forms  a hydrate  or  hydroxide  (ordinary 
alcohol),  an  oxide  (ordinary  ether),  etc.  Thus,  we 
have  a parallel  series  of  bodies,  as  can  be  seen  from 
the  following  table  : — 

K'  (CMJ 

KHO  (C.;H5)H0 

K,0  (c;h'5),o 

KOI  (C2H5)''C1 

K,SO,  (C,H,),S0, 

Now,  there  is.  an  enormous  number  of  these 
radicles,  each  forming  its  own  compounds,  just  as 
each  metal  has  its  own  oxides,  salts,  etc. 

It  has  already  been  seen  how  the  various  ele- 
ments fall  into  two  main  groups— the  non-metals  (as 
Cl,  Br,  etc.),  or  electro-negative  elements,  and  the 
metals  (as  K,  Ca,  etc.),  or  electro-positive  elements. 
In  the  same  way  we  have  electro-negative  radicles, 
as  cyanogen  (ON),  the  radicles  of  the  organic  acids, 
acetyl  (O3H3O),  etc.,  and  electro-positive  radicles, 
methyl  (CH3),  ethyl  (CgH.),  phenyl  (CgHj.),  etc. 

These  radicles  in  organic  chemistry  take  the  place 
of  the  elements  in  inorganic  bodies,  and  so,  from  this 
point  of  view,  we  may  define  organic  chemistry  as  the 
chemistry  of  the  compound  radicles. 

It  is  very  important  not  to  confuse  an  organic 
hod, y or  compound  with  an  organised  body.  The 
definition  of  an  organic  body  or  compound  has  just 
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been  given  ; an  organised  body  is  a tissue  of  fibrous 
or  cellular  nature,  the  result  of  animal  or  vegetable 
growth,  and  which  cannot  be  made  artificially. 

lilieiiieurts  composing  org^anic compounds. 
— Although  the  number  of  organic  compounds  far 
exceeds  that  of  the  inorganic  bodies,  yet  the  actual 
number  of  elements  entering  into  the  composition  of 
the  great  majority  of  organic  substances  is  small. 
One  large  group,  the  hydrocarbons,  contains  only 
two  elements,  carbon  and  hydrogen  • another  great 
class  contains  oxygen  in  addition,  this  includes  the 
carbohydrates  (starch,  sugar,  etc.)  and  most  of  the 
organic  acids;  in  fact,  a very  large  proportion  of 
organic  bodies  contain  not  more  than  four  elements 
(carbon,  hydrogen,  oxygen,  and  nitrogen) ; chlorine, 
bromine,  iodine,  sulphur,  and  phosphorus  enter  into 
the  composition  of  a few,  whilst  metallic  elements 
are  contained  in  a small  number  of  organic  bodies. 
The  fact,  however,  should  be  borne  in  mind  that  any 
element  can  be  made  to  enter  into  the  composition  of 
an  artificially  prepared  organic  compound. 

Action  of  heat  on  org^anic  bodies. With 

the  exception  of  those  organic  substances  that  vola- 
tilise unchanged  when  heated,  most  organic  bodies 
are  distinguished  by  the  facility  with  which  they  are 
decomposed  on  the  application  of  heat.  If  heated  to 
a sufficiently  high  temperature  with  free  contact  of 
air,  they  burn  away,  the  carbon  forming  carbon 
dioxide,  the  hydrogen  forming  water,  and  the  nitrogen 
escaping  in  the  free  state  or  as  ammonia.  If  heated 
out  of  contact  with  the  air,  most  organic  bodies 
undergo  a complex  decomposition,  known  as  destructive 
or  dry  distillation,  a number  of  fresh  bodies  being 
produced  by  a rearrangement  of  the  atoms  of  the 
organic  molecule  under  the  influence  of  dry  heat, 
without  contact  of  air.  For  examples  of  destructive 
or  dry  distillation,  see  pages  392,  434. 
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Decay. — Many  moist  organic  substances  when 
exposed  to  the  air  undergo  a slow  process  of  oxidation 
and  so  are  gradually  destroyed  without  sensible  eleva- 
tion of  temperature  ; this  slow  combustion  or  oxidation 
is  called  decay. 

Fcrmciitation. — This  name  is  applied  to  a class 
of  decompositions  that  many  organic  bodies  undergo 
in  presence  of  a ferment.  There  are  two  classes  of 
ferments,  the  organised  and  the  non-organised.  The 
organised  ferments  are  microscopic  organisms,  as 
yeast  or  torula  cerevisice,  which  produces  alcoholic 
or  vinous  fermentation,  mycoderma  aceti,  which  pro- 
duces acetous  fermentation,  and  penicillium  glaucum, 
which  produces  lactic  and  probably  butyric  fermen- 
tation. 

The  various  micro-organisms  (bacilli,  etc.)  that 
have  been  discovered  in  connection  with  several  of 
the  zymotic  diseases,  and  which  are  apparently  the 
primary  causative  factors  of  the  diseases,  possibly  act 
as  ferments  within  the  human  body,  producing  organic 
poisons,  the  presence  of  which  in  the  system  may  be 
the  direct  cause  of  the  symptoms  of  the  various 
diseases.  The  non-organised  or  soluble  ferments  act 
only  in  solution,  and  when  isolated  are  obtained  as 
amorphous  powders,  as,  for  example,  pepsin,  the 
ferment  contained  in  gastric  juice,  ptyalin,  the 
feiment  contained  in  saliva,  and  trypsin,  a ferment 
contained  in  pancreatic  juice. 

In  the  case  of  the  organised  ferments,  the  fer- 
mentative process  is  probably  due  to  the  ferment 
growing  and  multiplying  at  the  expense  of  part  of  the 
substance  that  is  being  acted  on,  the  remaining  part 
breaking  up  into  simpler  bodies,  which  are  the  pro- 
ducts of  fermentation ; in  other  words,  the  ferment  is 
regarded  as  feeding,  for  its  growth  and  multiplica- 
tion, on  a small  portion  of  the  substance  undergoing 
fermentation,  and  thus  destroying  the  chemical 
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balance  of  the  remaining  portion,  so  as  to  cause  its 
resolution  into  simpler  bodies. 

Puti’cfaclDoii. — This  process  is  practically  one  of 
fermentation  produced  in  nitrogenised  organic  bodies 
by  bacteria  and  other  ferments,  and  accompanied  by 
the  evolution  of  unpleasant-smelling  gases,  which  are 
mainly  compounds  of  sul])hur  and  phosphorus,  and  in 
part,  possibly,  complex  hydrocarbon  gases  and  volatile 
nitrogenous  bases.  The  conditions  necessary  for 
putrefaction  are  {a)  the  presence  of  a certain  amount 
of  air  to  start  the  process,  (6)  moisture,  and  (c) 
warmth.  If  air  is  excluded,  as  in  the  proper  tinning  of 
tinned  provisions,  and  if  bacteria  and  other  ferments 
are  previously  destroyed  by  heat,  then  putrefaction 
does  not  occur.  Disinfectants  prevent  putrefaction 
by  their  germicidal  action ; that  is,  by  destroying  the 
ferments  that  set  up  the  putrefactive  changes. 
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Since  so  large  a number  of  organic  compounds  only 
contain  carbon,  hydrogen,  and  oxygen,  their  ultimate 
analysis  consists  in  determining  the  amount  of  carbon 
in  the  form  of  carbon  dioxide,  the  amount  of  hydrogen 
in  the  form  of  water,  the  amount  of  oxygen  being 
always  determined  by  difference.  The  determinations 
of  the  amounts  of  other  elements,  such  as  nitrogen, 
chlorine,  bromine,  iodine,  sulphur,  and  phosphorus, 
are  always  made  separately. 

Deteriniiiatioii  of  the  carbon  and  hydro- 
gen in  an  organic  compound  containing 
carbon,  hydrogen,  and  oxygen,— A weighed 
quantity  of  the  dried  organic  compound  (sugar,  for 
instance)  is  taken,  and  its  carbon  is  converted  into 
carbon  dioxide,  and  its  hydrogen  into  water,  by 
burning  it  in  a stream  of  oxygen  in  a tube  containing 
copper  oxide ; the  water  is  collected  in  a previously- 
weighed  calcium  chloride  tube  (Fig.  29),  and  the 
carbon  dioxide  in  a strong  solution  of  caustic  potash 
contained  in  a series  of  bulbs  (Fig.  30),  which  are 
weighed  with  the  caustic  potash  previous  to  the 
operation. 

The  combustion  is  carried  out  in  a thick  combus- 
tion-tube, about  24  inches  long,  made  of  hard  glass 
(Fig.  31),  the  fore  part  of  which  is  charged  with 
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well- dried  granular  copper  oxide  (c),  a plug  of 
asbestos  (d)  being  placed  in  front  of  it  to  prevent  the 


Fig.  29.— Chloride  of  Calcium  Tulje. 


rnecbanical  carrying  over  of  any  of  the  copper  oxide. 
The  weighed  quantity  of  sugar  is  placed  in  a small 
platinum  boat  (b),  which  is  then  slipped  into  the 


Potash  Bulbs. 


tube  as  shown  in  the  figure,  and  the  tube  is 
placed  in  a gas  combustion-furnace,  with  the  ends 
projecting  from  either  extremity  of  the  furnace;,  the 
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weighed  calcium  chloride  tube  (e)  is  then  connected 
to  the  end  of  the  combustion  tube  by  means  of 
a perforated  cork,  and  the  weighed 
potash  bulbs  (Fig.  30)  are  next 
connected  to  the  calcium  chloride 
tube  at  F by  means  of  a small 
piece  of  indiarubber  tubing ; the 
hinder  extremity  of  the  tube  at 
A is  connected  with  a reservoir 
or  gasholder,  from  which  pure  dry 
oxygen  can  be  passed  through  the 
apparatus. 

The  fore  part  of  the  tube 
containing  the  copper  oxide  is 
first  made  red-hot,  and  oxygen  is 
allowed  to  pass  slowly  through 
the  tube  ; heat  is  then  applied  to 
the  part  b where  the  platinum 
boat  containing  the  sugar  has 
been  placed,  when  the  sugar  is 
burnt  by  the  oxygen  to  carbon 
dioxide  and  water,  any  hydro- 
carbon vapours  that  may  escape 
combustion  by  the  oxygen  be- 
coming completely  oxidised  during 
their  transit  over  the  red-hot 
copper  oxide,  some  of  which  be- 
comes reduced  to  cuprous  oxide 
or  to  metallic  copper.  The  water 
in  the  form  of  aqueous  vapour 
(steam)  and  the  carbon  dioxide 
are  carried  onwards  by  the  stream 
of  oxygen,  the  water  being  entirely 
absorbed  by  the  calcium  chloride, 
and  the  carbon  dioxide  passing  on 
is  absorbed  by  the  caustic  potash  in  the  potash  bulbs. 
When  all  the  sugar  is  completely  burnt  away,  and 
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nothing  but  oxygen  bubbles  through  the  potash  bulbs, 
the  operation  is  stopped,  and  the  potash  bulbs  with 
the  calcium  chloride  tube  are  detached  and  carefully 
weighed ; the  increase  in  weight  of  the  latter  gives 
the  amount  of  water  produced,  and  the  increase  in 
weight  of  the  former  gives  the  amount  of  carbon 
dioxide  produced ; from  these  the  actual  weights  ol 
carbon  and  hydrogen  can  easily  be  calculated.  These, 
then,  will  be  the  weights  of  carbon  and  hydrogen 
that  were  present  in  the  weighed  quantity  of  sugar 
taken ; from  which  the  percentage  composition  of  the 
sugar  can  then  be  calculated. 

The  following  account  of  a combustion  of  sugar 
will  serve  to  demonstrate  the  method  of  making  these 
calculations : — 


Weight  of  sugar  employed  0'4  gramme. 
Weight  of  potash  bulbs  after  the  combustion  52-7425  grammes. 

before  „ 52-1250 


}} 


99 


99 


Weight  of  calcium  chloride  tube  after  the  | 
, combustion.  j 

Weight  of  calcium  chloride  tube  before  the  I 
combustion.  J 


■6175  gramme 
of  COo 
produced. 

33-4895  grammes. 
33-2575 


*2320  gramme 
of  HoO 
produced. 

Now  from  the  calculation  of  the  molecular  weight 
of  COo, 

C =12 

02=  16  X 2 = 32 


44 

it  is  evident  that  every  44  parts  of  COo  contain  12 
parts  of  C by  weight ; therefore  what  weight  of  Q 
will  be  contained  in  -6175  gramme  of  COo  1 

'i 
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44  : 'SITS  : : 12  : X 

^ — '1684  gramme  of  carbon,  which  is  the  weight  of  oarbon 
present  in  -4  gramme  of  sugar. 

Similarly,  from  the  calculation  of  the  molecular 
weight  of  H^O, 

Ho  = 1 X 2 = 2 

O'  =16 


18 


it  is  evident  that  every  18  parts  of  HcO  contain  2 parts 
of  H by  weight ; therefore  what  weight  of  H will  be 
contained  in  -232  gramme  of  HoO  1 

18  : -232  : 2 : X 

X = ’0257  gramme  of  hydrogen,  which  is  the  weight  of 
hydrogen  present  in  *4  gramme  of  sugar. 


If  ’4  parts  of  sugar  contain  '1684  parts  of  carbon, 
what  will  100  parts  of  sugar  contain  1 

•4  : 100  : : -1684  : x 
a;  = 42- 10  per  cent,  of  carbon. 

If  '4  parts  of  sugar  contain  '0257  parts  of  hydrogen, 
what  will  100  parts  of  sugar  contain? 

•4  : 100  : : -0257  : x 
^ = 6'42  per  cent,  of  hydrogen. 

» 

As  sugar  is  composed  only  of  carbon,  hydrogen, 
and  oxygen,  if  the  sum  of  the  percentages  of  carbon 
and  hydrogen  be  deducted  from  100,  the  dilference, 
viz.  51 '48,  will  represent  the  percentage  of  oxygen. 


Carbon  . . . 
Hydrogen 
Oxygen  ,,, 


• • • 


•1* 


Percentage  composition 
of  sugar  as  obtained 
by  analysis. 

4210 
6-42 
...  51'48 


Percentage  composition 
of  susar  as  obtained  by 
calculation  from  its 
formula. 

42-11 

6-43 

61-46 


100-00 


100-00 
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Determination  ot  the  carbon  and  hydro- 
gen in  an  organic  compound  containing 
nitrogen. — The  carbon  and  hydrogen  are  determined 
separately  from  the  nitrogen  ; the  process  of  combus- 
tion just  described  is  adopted,  but  it  is  necessary  to 
insert  in  the  fore  part  of  the  tube  at  d (Fig.  Si)  a 
roll  of  copper  gauze  about  3 or  4 inches  long ; this 
is  made  red-hot  before  commencing  the  combustion, 
and  reduces  any  oxides  of  nitrogen  that  may  be 
evolved,  ^ converting  them  by  abstraction  of  their 

nitrogen,  which  then  passes  un- 
absorbed through  the  calcium  chloride  tube  and 
potash  bulbs,  and  so  escapes.  If  this  were  not  done, 
any  oxides  of  nitrogen  formed  would  be  absorbed  by 
the  caustic  potash,  and  so  would  vitiate  the  determina- 
tion of  the  carbon. 

Determination  of  the  carbon  and  hydro- 
gen in  an  organic  compound  containing 

chlorine,  bromine,  or  iodine Lead  chromate 

should  be  substituted  for  the  copper  oxide,  and  the 
combustion  proceeded  with  in  the  usual  manner,  the 
lead  chromate  keeping  back  the  halogen  elements. 

Determination  of  the  carbon  and  hydro- 
gen in  an  organic  liquid — If  it  is  required  to 
determine  the  amounts  of  carbon  and  hydrogen  in  an 
organic  liquid,  such  as  alcohol,  a bulb  is  blown  on  the 
end  of  a piece  of  fine  capillary  glass  tubing,  the  whole 
being  of  about  the  size  shown  in  Fig.  32,  so  that  it 
can  be  easily  slipped  into  the  combustion-tube.  The 
bulb  is  first  accurately  weighed,  it  is  then  warmed 
over  a spirit  or  Bunsen  flame  to  expand  the  air  within 
it,  and  its  open  end  quickly  inverted  beneath  some 
of  the  alcohol  or  whatever  organic  liquid  is  being 
submitted  to  analysis ; as  the  air  in  the  bulb  cools 
and  contracts,  the  alcohol  is  forced  up  into  it  by 
atmospheric  pressure,  and  when  the  bulb  is  full  of 
alcohol  up  to  A,  the  end  b is  inserted  for  a moment 
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or  two  into  a spirit  or  Bunsen  flame  in  order  to 
seal  it.  The  sealed  bulb  is  now  a£jain  weighed,  and 
the  increase  of  weight  represents  the  amount  of 
alcohol  contained  in  it;  the  sealed  end  b is  then 
broken  ofl*  and  is  placed  together  with  the  bulb  in  the 
platinum  boat  (b,  Fig.  31),  which  is  then  pushed 
into  the  combustion-tube,  and  the  combustion  pro- 
ceeded with  in  the  ordinary  way,  care  being  taken  to 


Fig.  32.— Bulb  for  Weighing  Organic  Liquids. 

apply  heat  very  gradually  to  the  part  of  the  tube 
under  the  platinum  boat,  so  that  the  alcohol  sli^ll  be 
slowly  converted  into  vapour,  which,  carried  by  the 
current  of  oxygen  over  the  red-hot  copper  oxide, 
becomes  completely  oxidised  to  carbon  dioxide  and 
water. 

Dctoriiiiiiatioiii  01  the  iiitrog:eii  in  tni 

org^aiiic  iiitrog^eiioiis  compound The  nitrogen 

of  an  organic  compound  is  always  determined  sepa- 
rately from  the  carbon  and  hydrogen  by  a special 

proceiss.  There  are  three  methods  in  use  : (i)  The 

soda-lime  process,  by  which  the  nitrogen  is  converted 
into  ammonia,  the  amount  of  which  .is  estimated  ■ 
(ii)  the  K^eldahl  process,  in  which  the  substance  is 
heated  with  strong  sulphuric  acid  and  the  nitroc^en 
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converted  into  ammonium  sulphate ; (iii)  Dumas' 
method,  by  which  the  nitrogen  is  evolved  in  the  free 
state  and  measured.  Before  giving  the  details  of 
these  processes  it  will  be  convenient  to  describe  how 
an  organic  substance  is  tested  so  as  to  ascertain  if 
nitrogen  be  present.  Many  substances  containing 
nitrogen,  when  heated  on  platinum  foil,  evolve  the 
smell  of  burnt  feathers ; a better  test  is  to  heat  the 
body  with  soda-lime,  when  most  organic  bodies  con- 
taining nitrogen  evolve  ammonia,  which  can  be 
recognised  by  the  ordinary  tests  i the  most  satis- 


Fig.  33. — Combustion-Tube  for  the  Determination  0/  Nitrogen  by  the 

Soda-Lime  Process. 


factory  method  is  to  heat  a small  quantity  of  the 
substance  in  a test-tube  with  a small  piece  of  freshly- 
cut  metallic  sodium.  When  cold  the  mass  is  ex- 
tracted with  water,  the  solution  filtered,  boiled  with 
a mixture  of  ferrous  sulphate  and  ferric  chloride,  and 
finally  rendered  acid  with  hydrochloric  acid  ; if  the 
original  substance  contained  nitrogen,  the  acid  fluid 
will  be  dark  blue,  or  yield  a blue  precipitate.  By 
the  action  of  the  sodium,  sodium  cyanide  (NaCN)  is 
formed;  this,  by  boiling  in  the  alkaline  solution,  is 
converted  by  the  iron  salts  into  sodium  ferrocyanide, 
which,  when  acidified,  gives  with  the  ferric  salt 
Prussian  blue. 

(i)  The  soda-lime  process,  or  Will  and  Varren- 
trapp's  method. — This  process  depends  upon  the  fact 
that  if  an  organic  nitrogenous  body  is  heated  with  a 
solid  caustic  alkali,  the  nitrogen  is  converted  into  and 
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is  completely  evolved  as  ammonia.  A piece  of  stout 
combustion-tubing,  about  15  inches  long,  is  drawn 
out  to  a point  at  one  end,  which  is  bent  nearly  to  a 
right  angle  (Fig.  33)  ; the  posterior  third  of  this  (a, 
Fig.  34)  is  filled  with  the  granular  soda-lime  (a  mixture 
of  sodium  and  calcium  hydrates,  produced  by  slaking 
lime  with  a strong  solution  of  caustic  soda) ; the 
weighed  quantity  of  the  nitrogenous  organic  substance 
is  then  thoroughly  mixed  with  more  soda-lime,  and 
the  mixture  introduced  into  the  combustion-tube  so 
as  to  occupy  the  middle  third  (b.  Fig.  34) , the 


Fig.  34. — Combustion-Tube  charged  for  the  Determination  of  Nitrogen 

by  the  Soda-Lime  Procesc. 


anterior  third  of  the  tube  is  then  filled  up  with  soda- 
lime  (c.  Fig.  34),  in  front  of  which  is  placed  a plug 
of  asbestos,  d,  to  prevent  the  mechanical  carrying 
over  of  any  of  the  soda-lime.  To  the  charged  com- 
bustion-tube is  now  fitted,  by  means  of  a perforated 
cork,  the  piece  of  apparatus,  e (Fig.  34),  consisting 
of  three  bulbs,  and  containing  a measured  quantity  of 
dilute  sulphuric  acid  of  known  strength.  Fleat  is 
then  applied  to  the  fore  part  of  the  tube  (c  and  d), 
and  when  this  has  become  red-hot  the  other  portions 
of  the  tube  are  gradually  heated,  until  the  whole  is 
red-hot.  The  nitrogen  of  the  organic  substance  is 
converted  by  the  soda-lime  into  ammonia,  which  as  it 
bubbles  through  the  diluted  sulphuric  acid  contained 
in  the  bulbs  is  absorbed,  neutralising  some  of  the 
.sulphuric  acid.  When  no  more  bubbles  pass  through 
the  acid  the  turned-up  extremity  of  the  combustion- 
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tube  is  broken  off,  and  air  is  drawn  through  the 
apparatus,  so  as  to  displace  any  ammonia  remaining 
within  the  combustion-tube  into  the  acid.  The  bulbs 
are  then  withdrawn  and  the  acid  turned  out  into  a 
beaker ; the  amount  of  free  acid  left  is  determined 
by  seeing  what  quantity  of  a standard  solution 
of  caustic  soda  is  required  to  neutralise  the  acid  left 
unneutralised  by  the  ammonia  ; the  difference  between 
this  amount  and  the  amount  originally  required 
by  the  standardised  sulphuric  acid  represents  the 
amount  of  acid  neutralised  by  the  ammonia,  from 
which  the  amount  of  ammonia  required  to  neutralise 
it  can  easily  be  calculated.  The  weight  of  nitrogen 
contained  in  this  amount  of  ammonia  then  repre- 
sents the  actual  weight  of  nitrogen  contained  in  the 
weighed  quantity  of  the  organic  nitrogenous  sub- 
stance operated  on,  from  which  the  percentage  of 
nitrogen  is  easily  calculated. 

(ii)  The  Kjeldahl  'process. — In  this  process  about 
1 gramme  of  the  substance  is  carefully  weighed  and 
placed  in  a flask  holding  about  250  c.c.,  and  20  c.c.  of 
strong  sulphuric  acid  added ; the  mixture  is  heated  on 
a sandbath  for  one  hour,  nearly  to  the  boiling  point, 
about  8 grammes  of  dry  potassium  sulphate  in  powder 
are  added,  and  the  heating  continued  till  the  solution 
is  colourless.  When  cold  an  excess  of  sodium  hydrate 
is  added,  and  the  ammonia  distilled  over  and  collected 
in  a measured  quantity  of  standard  sulphuric  acid,  as 
in  the  previous  process  (i).  The  boiling  with  sulphuric 
acid  converts  the  nitrogen  into  ammonium  sulphate, 
which  the  sodium  hydrate  decomposes  into  free 
ammonia  and  sodium  sulphate. 

(iii)  Dumas'  method. — This  consists  in  burning 
the  organic  nitrogenous  substance  with  copper  oxide, 
j)assing  the  oxides  of  nitrogen  formed  over  heated 
metallic  copper,  to  reduce  them  to  nitrogen,  and 
collecting  the  nitrogen  in  a graduated  tube  over  a 
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strong  solution  of  caustic  potash,  which  absorbs  carbon 
dioxide,  but  not  nitrogen.  Before  commencing  the 
combustion,  the  air  within 
the  charged  combustion- 
tube  is  expelled  by  means 
of  carbon  dioxide.  To 
carry  out  this  process,  a 
piece  of  combustion- tubing, 
about  2o  inches  long,  is 
sealed  at  one  end,  test-tube 
fashion  ; at  the  closed  end 
some  sodium  bicarbonate,  a 
(Fig.  35),  is  introduced, 
then  some  copper  oxide,  b, 
then  the  mixture  of  copper 
oxide  and  the  weighed  quan- 
tity of  the  organic  nitro- 
genous substance,  c ; after 
this  some  more  copper 
oxide,  D,  and  finally  a roll 
of  metallic  copper  gauze,  e. 

A piece  of  bent  tubirig, 
dipping  beneath  the  surface 
of  mercury  in  a pneumatic 
trough,  is  then  connected 
to  the  charged  combustion- 
tube  by  means  of  a per- 
forated cork.  Before  the 
graduated  tube  f is  placed 
over  the  delivery  tube, 
heat  is  applied  to  the 
sodium  bicarbonate  at  a, 
so  that  the  carbon  dioxide 
evolved  shall  chase  out 
all  the  air  in  the  combustion  and  delivery  tubes. 
When  this  is  effected,  the  heat  is  removed  from  the 
end  A,  the  graduated  tube  f is  filled  two-thirds  with 
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mercury  and  one-third  with  a strong  solution  of 
caustic  potash,  and  inverted  over  the  end  of  the 
delivery  tube — that  is,  beneath  the  surface  of  the 
mercury  in  the  trough.  The  combustion  is  carried 
on  by  first  making  the  fore  part  of  the  combus- 
tion-tube at  E red-hot,  and  gradually  extending  the 
heat  to  the  hinder  part  till  it  is  red-hot  through- 
out, Any  oxides  of  nitrogen  formed  are  reduced  by 
the  metallic  copper  to  free  nitrogen,  which,  along 
with  carbon  dioxide,  bubbles  up  through  the  mercury 
and  caustic  potash  in  the  graduated  tube,  the  carbon 
dioxide  being  completely  absorbed  by  the  caustic 
potash,  and  the  nitrogen  only  collecting.  When  the 
nitrogen  ceases  to  be  evolved,  the  end  a of  the  tube 
is  again  heated,  so  as  to  evolve  carbon  dioxide,  which 
expels  any  nitrogen  remaining  in  the  combustion- tube. 
The  volume  of  nitrogen  is  then  read  off,  from  which 
the  weight  can  be  calculated,  and  this  represents  the 
actual  weight  of  nitrogen  that  was  present  in  the 
weighed  quantity  of  the  organic  nitrogenous  body 
operated  on. 

I>eterniiiiatioii  of  chlorine  in  org^anic 
compounds. — A weighed  quantity  of  the  organic 
compound  is  heated  with  pure  quicklime  (CaO)  in  a 
combustion-tube,  by  which  means  the  chlorine  of  the 
organic  compound  is  converted  into  calcium  chloride  ; 
the  contents  of  the  tube  are  then  dissolved  in 
dilute  nitric  acid,  and  silver  nitrate  added  to  precipi- 
tate all  the  chlorine  as  silver  chloride,  which  is  col- 
lected, washed,  dried,  and  weighed.  From  the  weight 
of  silver  chloride  the  amount  of  chlorine  present  is 
calculated,  and  this  will  be  the  actual  amount  of 
chlorine  present  in  the  weighed  quantity  of  the 
organic  compound  operated  on. 

Iodine  and  bromine  in  organic  compounds  are 
estimated  in  a precisely  similar  manner. 

Determination  ol  snipliiir  in  organic 
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coiiipotiiifls — A weighed  quantity  of  the  organic 
compound  is  heated  in  a sealed  tube  with  fuming 
nitric  acid  for  two  hours,  by  which  means  the  sulphur 
is  oxidised  to  sulphuric  acid ; the  contents  of  the  tube 
are  boiled  with  water,  and  filtered;  to  the  filtrate 
barium  nitrate  is  added  to  precipitate  the  sulphuric 
acid  as  barium  sulphate,  which  is  collected,  washed, 
dried,  and  weighed.  From  the  weight  of  barium  sul- 
phate the  amount  of  sulphur  present  is  calculated. 

PhosjjJiorus  in  organic  compounds  is  oxidised  to 
phosphoric  acid  in  a similar  manner,  and  is  precipitated 
as  the  magnesium  ammonium  phosphate. 


Calculation  op  the  Formula  op  an  Organic 
Compound  from  the  Percentage  Composition. 

^ The  percentage  composition  represents  the  propor- 
tions of  the  elements  in  the  compound  by  weight ; as 
a formula  rejiresents  the  proportions  of  the  elements 
in  atoms.  Since  the  atoms  of  difierent  elements  have 
different  weights,  to  change  the  proportions  by  weio-ht 
into  proportions  by  atoms,  it  will  be  necessary'" to 
divide  the  percentage  weights  of  the  elements  by  their 
respective  atomic  weights.  The  procedure  is  best 
demonstrated  by  taking  an  example ; that  of  acetic 
acid  will  be  taken.  The  percentage  composition  of 
acetic  acid,  as  determined  by  analysis,  is: 

Carhon  40-00 
Hydrogen  6-66 
Oxygen  .53-34 


100-00 

These  proportions  of  the  elements  by  weight  are 
divided  by  their  respective  atomic  weights  to  find 
their  relative  proportions  as  atoms. 
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Carbon  40-00  -4-  12  — 3-33 

Hydrogen  6-66  -f-  1 — 6-66 

Oxygen  53-34  4-  16  = 3’33 


The  numbers  representing  the  atomic  proportions 
are  then,  by  a common  divisor,  reduced  to  the  simjDlest 
possible  whole  numbers.  It  is  obvious  that  in  the 
present  case  3-33  is  a common  divisor,  giving  the 
proportions  of  1 atom  of  carbon  to  2 atoms  of 
hydrogen  and  1 atom  of  oxygen,  which,  represented 
as  a formula,  is  : 


CH2O. 


' This  is  the  empirical  formula  of  acetic  acid  ; that 
is,  it  is  the  simplest  possible  expression  of  its  com- 
position, representing  the  elements  of  which  it  is 
composed,  and  their  relative  proportions  in  atoms  to 
one  another.  A molecular  formula  indicates  the 
number  of  atoms  in  the  molecule  of  a body,  and  may 
be  the  same  as  the  empirical  formula,  or  some  simple 
multiple  of  it.  To  ascertain  the  molecular  formula  of 
acetic  acid,  its  vapour-density  must  be  taken  ; that  is, 
it  must  be  converted  into  vapour,  and  the  specific 
gravity  of  its  vapour  determined.  The  molecular 
weight  is  obtained  by  doubling  the  vapour-density, 
since  the  specific  gravity  of  any  gas  or  vapour  is  half 
its  molecular  weight  (see  page  23)  ; ' it  can  then  be 
easily  ascertained  whether  this  molecular  weight  is  the 
same  as  that  calculated  from  the  empirical  formula, 
or  some  multiple  of  it. 

Now,  the  vapour-density  of  acetic  acid  is  30  (that 
is,  its  vapour  is  30  times  heavier  than  hydrogen  at 
the  same  temperature  and  pressure),  therefore  the 
molecular  weight  of  acetic  acid  is  60.  The  formula 
CH^O  only  gives  a weight  of  30. 
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0 12 
Hg  = 1 X 2 = 2 

0 =16 

30 


Therefore,  the  double  of  the  empirical  formula,  viz. 
must  be  the  molecular  formula  of  acetic  acid, 
since  it  yields  the  molecular  weight  of  acetic  acid 
viz.  GO. 

C2  = 12  X 2 = 24 
= 1x4=  4 

O2  = 16  X 2 = 32 

60 


A constitutional  or  rational  formula  indicates  not 
only  the  number  of  atoms  in  the  molecule  of  a body, 
but  also  the  way  in  which  those  atoms  are  arranged  ; 
that  is,  it  exhibits  the  constitution  or  architecture  of 
the  body.  A constitutional  formula  can  only  be 
arrived  at  by  a series  of  experiments,  which  may 
require  to  be  very  elaborate,  and  the  description  of 
which  would  be  out  of  place  here  ; in  fact,  the  con- 
stitution of  many  organic  bodies  has  not  yet  been 
ascertained. 

In  the  case  of  acetic  acid,  it  is  found  that  out  of 
the  four  atoms  ol  hydrogen  one  can  be  displaced  by 
metals,  and  therefore  must  be  differently  placed  to  the 
other  three;  this  maybe  expressed  by  a constitutional 
formula  represented  thus  : 

HC,H30„ 

which  indicates  the  different  position  of  the  hydrogen 
atom  that  can  be  displaced  by  metals,  and  also  shows 
the  grouping  of  the  remaining  atoms  together  to  form 
the  acetic  radicle,  CgHgOg. 


.M 
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It  is  also  found,  as  the  result  of  experiments,  that 
the  three  hydrogen  atoms  are  present  in  acetic  acid  as 
a methyl  group,  CHg  ; this  may  be  expressed  by  a 
constitutional  formula  represented  thus  : 

(CH, 

• \ COOH, 

which  shows  that  acetic  acid  is  composed  of  the 
radicle  methyl  (CHg)  united  with  the  radicle  oxatyl 
(COOH). 

This  formula  is  confirmed  by  the  action  of  phos- 
phorus pentachloride.  This  substance  may  be  said  to 
be  a test  for  the  group  HO  in  a compound ; whenever 
a substance  contains  this  hydroxyl  group,  phosphorus 
pentachloride  expels  it  from  the  molecule,  and  its 
place  is  taken  by  an  atom  of  chlorine. 

Acetic  acid  accordingly,  when  acted  upon  by  PCl^, 

( CH 

yields  < qqq  (acetyl  chloride). 

Determination  of  Molecular  Weight. 

As  it  is  evident  that  the  determination  of  the 
molecular  weight  of  an  organic  substance  is  most 
important,  it  will  be  convenient  here  to  consider  the 
various  methods  by  which  the  molecular  weight  of  a 
substance  can  be  determined.  As  a rule,  purely 
chemical  methods  are  not  sufficient  to  determine  the 
molecular  weight,  and  we  have  to  rely  on  two 
physical  methods — (i)  the  determhiation  of  the  specific 
gravity  of  the  substance  in  the  state  of  gas  or  vapour^ 
often  referred  to  as  its  vapour-density ; and  (ii)  the 
depression  produced  in  the  freezing-point  of  a solvent 
by  a known  weight  of  the  substance.  Of  these  the 
first,  the  determination  of  the  vapour-density,  is  by 
far  the  most  important. 
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The  specific  gravity  of  a substance  in  the  state  of 
gas  or  vapour  can  be  ascertained 
either  {a)  by  finding  the  weight 
of  a known  volume  of  the  vapour 
at  a known  temperature  and 
pressure,  or  (5)  by  finding  the 
volume  occupied  by  a known 
v/eight  of  the  substance  when 
converted  into  gas  or  vapour. 

As  an  example  of  “a’'  we  may 
cite  Dumas’  method.  In  this  a 
glass  bulb  (containing  about  200 
C.C.),  furnished  with  a long 
drawn-out  neck,  is  partially  filled 
with  the  substance  the  specific 
gravity  of  whose  vapour  is  to  be 
determined.  The  bulb  is  then 
plunged  into  a heated  liquid,  so 
that  the  substance  boils  violently, 
and  its  vapour  drives  out  all  the 
air  from  the  bulb.  When  this 
has  been  effected  and  the  bulb 
is  full  of  the  vapour,  the  end 
of  the  drawn-out  neck  is  fused 
up  by  a blowpipe,  the  tempera- 
ture of  the  heated  liquid  and  the 
barometer  being  simultaneously 
noted.  The  bulb  is  then  with- 
drawn, cleaned,  and  weighed. 

The  weight  of  the  empty  bulb 
is  deducted,  and  thus  we  get  the 
weight  of  a known  volume  of  the 
vapour  at  a known  temperature 
and  pressure:  from  this,  after 
certain  corrections,  we  can  cal- 
culate the  specific  gravity  of  the 
vapour  at  0°  and  760  mm. 
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The  method  which  is,  however,  usually  employed 
belongs  to  the  second  class,  “6.”  It  is  known  as 
Victor  Meyer’s  method.  A tube  about  two  feet  long  is 
expanded  at  its  lower  end  into  a bulb  a (Fig.  36) ; it  is 
closed  at  its  upper  end  with  an  india-rubber  cork,  and 
has  a short  delivery  tube  b inserted  a short  distance 
below  the  cork  ; the  delivery  tube  ends  in  a trough  D 
filled  with  water.  The  bulbed  tube  a is  surrounded 
by  a second  and  larger  tube  which  contains  water, 
anilin,  or  other  liquid  of  suitable  boiling-point.  This 
liquid  is  caused  to  boil,  and  its  vapour  heating  the  air 
in  A causes  it  to  expand  and  bubbles  escape  by  the 
delivery  tube  into  the  air.  As  soon  as  bubbles  cease 
to  escape,  the  cork  is  removed  and  a weighed  quantity 
of  the  substance  contained  in  a small  bulb  {see  Fig.  32  ) 
is  dropped  into  A,  and  the  cork  immediately  replaced. 
The  substance  is  at  once  converted  into  vapour,  which 
displaces  some  of  the  air,  and  this  displaced  air  is 
collected  in  the  graduated  tube  c,  which  has  been 
placed  over  the  end  of  the  delivery  tube.  fhe  liquic 
in  the  outer  tube  should  have  a boiling-point  20  to 
30°  higher  than  that  of  the  substance ; about  OT  grm. 

of  the  substance  should  be  taken. 

The  volume  of  the  gas  collected  is  corrected  tor 
temperature,  pressure,  etc.,  to  0°  and  760  mm.  The 
weif^ht  of  this  volume  of  hydrogen  is  then  calculated 
and'^divided  into  the  weight  of  substance  taken.  As 
an  example  : -073  gramme  of  ether  displaced  25'3  c.c. 
of  air,  measured  at  21 ‘5°  C.,  and  pressure  718  6 mm., 
correcting  for  temperature. 


25-3 


X 


273 

273  + 2F5 


23*45  c.c. 


tl,e  pressure  was  718-6  - 19-1  (the  vapour  tension 
of  water  at  21*5)  = 699*5  nun. 
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23-45 


699-5 

760 


21-5  C.C. 


the  volume  of  gas  displaced  when  reduced  to  0°  0. 
and  760  mm. 

Now  this  volume  of  hydrogen  weighs 


21-5  X -0896 

1,000 


-00192. 


and  the  specific  gravity  of  ether  vapour  equals 


•073 

•00192 


37-9. 


The  second  method.,  that  of  determining  the 

• ^ o 

molecular  weight  by  the  depression  of  the  freezing- 
point,  is  generally  carried  out  in  an  apparatus  invented 
by  Beckmann.  It  consists  of  a stout  glass  vessel  A 
(Fig.  37),  which  contains  cold  water,  ice,  or  ice  and 
salt,  according  as  glacial  acetic  acid,  benzene,  or  water 
is  used  as  the  solvent.  In  this  is  fixed  a large  test- 
tube  B,  furnished  with  a wide  side  tube  c,  which  is 
closed  by  a cork.  The  upper  end  of  the  tube  b is  also 
closed  by  a cork,  through  which  pass  a delicate 
thermometer  d,  divided  into  y-J-yths  of  a degree,  and 
a platinum  wire  e,  bent  at  its  lower  end  to  form  a 
stirrer.  The  lower  end  of  b is  surrounded  by  an 
empty  tube  f,  which  serves  as  an  air-jacket,  and 
ensures  a gradual  change  of  temperature.  A known 
weight  of  the  solvent  (usually  water  or  glacial  acetic 
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acid)  is  introduced  into  the  tube  b,  which  is  then  im- 
mersed in  the  coolinor  vessel  A ; the  solvent  is  vi"or- 

ouslj  stirred,  allowed  to  freeze, 
and  the  freezing-point  noted. 
A weighed  quantity  of  the 
substance  is  then  introduced 
by  the  side  tube  c,  and  the 
experiment  repeated,  the  freez- 
ing-point being  again  noted. 
The  difference  in  temperature 
between  the  two  observations 
gives  the  lowering  of  the  freez- 
ing-point produced  by  a given 
weight  of  the  substance. 

Now,  Raoult  and  others 
have  shown  that  if  a mole- 
cular weight  of  a substance  in 
grammes  is  dissolved  in  100 
grammes  of  a suitable  solvent, 
the  depression  of  the  freezing- 
point  produced  is  always — 
within  certain  limits  — the 
same,  ivhatever  the  nature  oj 
the  substance.  This  depression 
is  therefore  a constant  for  anv 

V 

one  solvent ; for  water  it  is 
19,  for  glacial  acetic  acid  39. 
Tt  is  denoted  by  the  letter  K. 
It  has  also  been  proved  that 
if  the  solution  is  dilute,  the 
depression  produced  is  propor- 
tional to  the  weight  of  the  sub- 
stance dissolved;  thus,  if  one 
gramme  of  a substance  dissolved 
in  100  grammes  of  a solvent  produces  a depression  of 
"06  , two  grammes  will  produce  a depression  twice  as 
great,  T2,  etc.  So  if  one  gramme  be  dissolved  in  100 


Fig.  37. 


-Beckinanu’s  Appa- 
ratus for  Determining  the  De- 
pression of  tlieFreezing-point. 
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grammes  of  the  solvent,  then  the  observed  depression 

depression  produced  by  a molecular  weight  in  grammes, 
similarly,  if  G grammes  be  used, 


D = 


K X G 
M.  W. 


or  M.  W.  = 


K 

D 


As  an  example,  13*68  grammes  of  dextrose  were  dis- 

repression  of  ^ 

Molecular  weight  = 19  X 13*6^  1 70  q 

1*45  ~ 


The  molecular  weight  calculated  for  CgHigOg  = 180. 

Two  other  physical  properties  which  can  1 
easily  deter- 
mined, namely, 
the  hoiling  point 
and  the  melting 
point,  are  often 
useful  in  identi- 
fying an  organic 
body. 

Tlic  boil- 
ing point  is 

determined  by 
observing  the 
temperature  of 
the  vapour  of 
the  liquid  when 
the  latter  is  boil- 
ing freely  under 
a pressure  of 
760  mm.  If  the 
barometer  is 

above  or  below  Fig.  3S.-Determl„at.on  ot  Boiltog  Point, 
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760  mm.  a corresponding  correction  must 
be  made. 

To  determine  the  melting  point 

some  of  the  substance  is  first  melted 
in  a watch  glass,  a short  piece  of 
capillary  glass  tube  is  then  dipped  into 
the  fluid,  and  the  lower  end  fused. 
The  capillary  tube  is  fixed  to  the  bulb 
of  a thermometer  by  small  india- 
rubber  rings,  and  the  thermometer  im- 
mersed in  a beaker  of  water  or  strong 
sulphuric  acid.  The  water  or  acid  is 
slowly  heated  with  constant  stirring  till 
the  substance  melts  in  tlie  capillary, 
when  the  thermometer  is  read  off. 


Fig.  39.— De- 
termination 
of  Melting 
Point. 


ISOMERIC  BODIES. 


The  term  isomeric  (from  to-oe,  equal ; 
yiipoQ,  part)  is  applied  to  those  bodies  that  have  the 
same  percentage  composition,  but  which  differ  in  their 
properties.  In  other  words,  isomeric  bodies  are  com- 
posed of  the  same  elements,  and  in  the  same  propor- 
tions, but  yet  they  are  entirely  different  bodies,  as 
indicated  by  their  entirely  different  properties.  These 
different  properties  are  due  to  a different  aiTangement 
of  the  atoms  in  the  molecules  of  isomeric  bodies  ; so 
that  although  isomeric  bodies  have  the  same  composi- 
tion, they  have  a different  constitution.  For  instance, 
oil  of  turpentine  and  oil  of  lemons  are  isomeric  bodies  ; 
they  both  possess  the  formula  C^qHjq,  yet  they  difier 
markedly  in  their  properties,  and  this  difference  is  due 
to  different  arrangements  of  the  atoms  in  their  respec- 
tive molecules  ; aithough  the  atoms,  or  chemical  bricks, 
out  of  which  two  substances  are  constructed  are  the 


same,  yet  the  architecture  of  their  molecules  is 
entirely  different. 
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Isomeric  bodies  are  generally  divided  into  two 
groups — (1)  those  the  members  of  which  have  the  same 
molecular  Aveight,  and  which  are  called  simply  isomeric 
bodies  ; (2)  those  the  members  of  Avhich,  whilst  having 
the  same  percentage  composition,  yet  ditier  in  mole- 
cular weight,  and  which  are  called  2^olymeric  bodies 
(from  TToXvQ,  many,  and  yepog,  part). 

As  examples  of  isomeric  bodies  may  be  mentioned  : 

urea  CO  | and  ammonium  isocyanate(NH^]SiCO); 
ordinary  ether  (C2Hg)„0,  and  methyl  propyl  ether 


(CH3, 


C3H7, 


0) ; propionic  acid 


j CH3 


CH3 

CHo  ; methyl 
COOH 
(H 


acetate  | \ COOO.K,  ; 

oil  of  turpentine  (CjqHjpJ  and  oil  of  lemons  (CiqHjq). 
As  examples  of  polymeric  bodies,  acetylene  (CgHg)  and 
benzene  (CgHg) ; cyanogen  (CN)o  and  paracyanogen 
(CN),). 
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CHAPTER  in. 

CYANOGEN  GROUP. 

Cyanogen — Potassium  Ferrocyanide — Potassium  Cyanide — Hydro- 
cyanic Acid — Tests  for  Hydrocyanic  Acid  and  Cyanides — 
Potassium  Ferricyanide — Methyl  Cyanide — Ethyl  Cyanide 
— Potassium  Cyanate — Ammonium  Cyanate — Potassium  Sul- 
ph  ocyanate — Urea. 

Cyanog-en  (CgNo). — The  name  cyanogen  (from 
KvavoQ,  blue  ; yevvati),  to  generate)  is  due  to  the  fact 
that  some  of  the  double  cyanogen  compounds  possess 
brilliant  blue  colours. 

Preparation  of  cyanogen.— Cyanogen  is  a 
gas,  and  is  obtained  by  heating  either  mercuric 
cyanide  or  silver  cyanide. 


Hg(CN)2 

II 

+ 

(CN)2 

Mercuric 

cyanide. 

Mercury. 

Cyanogen, 

2AgON 

II 

(CN), 

Silver 

cyanide. 

Silver. 

Cyanogen. 

Properties  of  cyanogen.  — Cyanogen  is  a 
colourless  gas,  possessing  a peculiar  odour  somewhat 
resembling  that  of  the  essential  oil  of  bitter  almonds  • 
it  is  soluble  in  water,  and  is  very  poisonous.  The 
solution  on  keeping  is  converted  into  ammonium 
oxalate. 


(CN)o  + 4H2O  = (NHJoCoO, 

Cyanogen.  Water.  Aniinonium  oxalate. 


The  same  change  takes  place  more  i-apidly  in  the  . 
presence  of  acids  or  alkalies,  the  group  — C = N 
being  converted  into  — O — (J  = O ; on  strongly 
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heating  ammonium  oxalate  the  reverse  change  takes 
place  Cyanogen  is  tlierefore  sometimes  called  the 
uitTiie  (i,e.  the  ammonium  salt  less  water)  of  oxalic 
acid.  It  burns  with  a characteristic  coloured  llame 
the  colour  resembling  that  of  the  peach  blossom,  and 
It  produces  carbon  dioxide  and  free  nitrogen  when 
burnt  Its  specific  gravity  is  26,  and  it  is  therefore 
much  heavier  than  air ; its  molecular  weight  is  52 
and  Its  formula  (CN)..  CN  is  often  written  Cy 
Tests  for  cyanogen.— The  odour  of  the  gas, 
combined  with  the  peculiar  colour  of  its  flame  when 

burnt,  constitutes  the  best  means  for  the  recognition 
or  cyanogen. 


Potassitiiii  ferrocyanide  (ILFeCy,).  — This 
body  IS  the  ancestor  of  the  cyanogen  compounds, 
feince  no  cyanogen  compounds  exist  in  nature,  it  is 
necessary  that  one  or  more  of  them  should  be  made 
y some  artificial  process,  and  the  cyanogen  compound 
that  is  prepared  artificially  is  potassium  ferrocyanide. 

o prepare  this  substance  it  is  necessary  to  employ 
some  potassium  salt  to  furnish  the  potassium,  the 
rue  a non  to  furnish  the  iron,  and  some  organic  sub- 
stance, rich  in  carbon  and  nitrogen,  to  furnish  the 
elements  for  the  production  of  the  cyanogen.  It  is 
made,  therefore,  by  fusing  together  potassium  car- 
bonate,  iron  filings,  and  animal  matter,  such  as  hoofs 
horns,  and  scraps  of  hide,  substances  that  are  rich  in 
both  carbon  and  nitrogen.  Under  the  influence  of 
the  heat,  and  in  pre.sence  of  the  other  substances, 
the  carbon  and  nitrogen  unite  to  form  cyanot^en 
■which,  with  the  potassium  carbonate,  forms  potassium’ 
cyanide  (KCy)  and  with  the  iron  forms  ferrous 
cyanide  (FeCyj).  On  boiling  the  melted  mass  with 
water,  these  two  cyanides  unite  to  form  potassium 
terroc}^amde. ' 


4KCy  -f  FeCyo 

Potas-siiirn  Ferrous 

cyanide.  cyanide. 


K^FeCjc 

Fotassiuni 

ferrocyanide. 
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Projjei’tics. — Potassium  ferrocyanide  occurs  in 
yellow  crystals,  and  is  commonly  known  as  yellow 
prussiate  of  potash.  Although  the  powerful  poisons 
hydrocyanic  acid  and  potassium  cyanide  are  made 
from  it,  yet  potassium  ferrocyanide  itself  is  non- 
poisonous.  It  is  decomposed  when  strongly  heated 
with  production  of  potassium  cyanide  and  carbide  of 
iron.  Potassium  ferrocyanide  is  decomposed  by  both 
strong  and  dilute  sulphuric  acid,  but  with  dilferent 
results  in  the  two  cases.  If  heated  with  strong  sul- 
phuric acid,  carbon  monoxide  is  copiously  evolved. 

K^Fe(CN)6  + 6H2SO,  + 6H2O  = 2K2SO4  + 

Potassium  Sulphuric  Water.  Pote^ium 

ferrocyanide.  acid.  sulphate. 

FeSO^  + 3(NHJ,SO^  + 6CO 

Ferrous  Ammonium  Carbon 

sulphate.  sulphate.  monoxide. 


If  heated  with  dilute  sulphuric  acid,  hydrocyanic 
acid  only  is  evolved. 


2K4FeOy6  -h 

Potassiuni 

ferrocyanide. 


3H2SO4 

Sulphuric 

acid. 


6HCy  -h 

Hydrocyauic 

acid. 


FeKjFeCyg  + 3IC2SOi 

Fen’O-potassium  Potassium 

ferrocyanide.  sulphate. 


Potassium  ferrocyanide  is  used  in  the  manu- 
facture of  PTUssiaTi  hlue,^  which  is  ferric  ferrocyanide 
(Fe4(FeCy6)3),  and  which  is  prepared  by  adding 
potassium  ferrocyanide  to  a solution  of  ferrous 
sulphate.  The  precipitate  thus  obtained  is  oxidised 
with  dilute  nitric  acid  or  chlorine  water. 

Tests.— (i)  Potassium  ferrocyanide  gives  with  a 
solution  of  ferric  chloride  a dark  blue  precipitate. 

(ii)  A solution  of  copper  sulphate  gives  with 
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potassium  ferrocyanide  a reddish-brown  precipitate  of 
copper  ferrocyanide.  This  is  a most  delicate  test  for 
the  salt. 

(iii)  Potassium  ferrocyanide  heated  with  dilute 
sulphuric  acid  evolves  the  odour  of  hydrocyanic  acid. 

Potassium  cyanide  (KCy).— This  salt  is  pre- 
pared in  the  form  of  commercial  cyanide  of  potassium 
used  for  electroplating,  etc.,  and  also  as  the  pure 
cyanide  of  potassium.  The  commercial  cyanide  of 
potassium  may  be  prepared  by  strongly  heating 
potassium  ferrocyanide  (see  page  364),  but  it  is  most 
conveniently  prepared,  at  a lower  temperature,  by 
fusing  together  potassium  ferrocyanide  and  potassium 
carbonate.  The  cyanide  of  potassium  prepared  by 
this  process  is,  however,  always  mixed  with  some 
cyanate. 


K^PeCyg 

+ K2COg 

- 5KCy  + 

KCyO  + 

Potassium 

Potassium 

Potassium 

Potassium 

ferrocyanide 

carbonate. 

cyanide. 

cyanate. 

Fe 

+ CO2 

Iron. 

Carbon 

dioxide 

Pure  cyanide  of  potassium  may  be  prepared  by 
neutralising  hydrocyanic  acid  with  caustic  potash; 
this  is  most  conveniently  effected  by  passing  the 
vapour  of  hydrocyanic  acid  into  an  alcoholic  solu- 
tion of  caustic  potash,  when  the  potassium  cyanide 
crystallises  out  as  it  is  formed. 

HCy  + KHO  =r  KCy  + H„0 

Hydrocyanic  Caustic  Potassium  Water, 

acid.  potash.  cyanide. 

Potassium  cyanide  may  also  be  prepared  by 
utilising  the  nitrogen  of  the  air;  thus  by  passing 
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air  over  a mixture  of  potassium  carbonate  and  char- 
coal strongly  heated,  potassium  cyanide  is  formed 
and  carbon  monoxide  evolved. 

Properties.  — Potassium  cyanide  is  a white 
crystalline  solid,  evolving,  on  exposure  to  the  air,  the 
odour  of  hydrocyanic  acid.  It  is  very  poisonous,  and 
is  readily  acted  on  by  acids,  hydrocyanic  acid  being 
evolved.  Both  strong  and  dilute  sulphuric  acid  de- 
compose it,  evolving  hydrocyanic  acid. 

2KCy  + HgSO,  = 2HCy  + K^SO^ 

Potassium  Sulphuric  Hydrocyanic  Potassium 

cyanide.  acid.  acid.  sulphate. 

Potassium  cyanide  is  a powerful  reducing  sub- 
stance; thus  when  heated  with  litharge  it  forms 
metallic  lead  and  potassium  cyanate. 

Tests. — The  tests  for  potassium  cyanide  are  the 
same  as  those  for  hydrocyanic  acid  (see  page  369). 

llydrocyanic  acid  (HOIS'  or  HCy). — This  acid 
is  commonly  known  as  prussic  acid,  on  account  of 
its  first  having  been  prepared  from  Prussian  blue  ; it 
may  be  prepared  from  potassium  ferrocyanide  or  from 
any  metallic  cyanide.  The  hydrocyanic  acid  used 
in  medicine  [Acidum  hydrocyanicum  dilutum)  is 
prepared  by  distilling  potassium  ferrocyanide  with 
dilute  sulphuric  acid  (see  page  364),  and  diluting  the 
distillate  to  the  required  strength.  It  may  also  be 
prepared  by  shaking  together  solutions  of  potassium 
cyanide  and  tartaric  acid,  when  the  potassium  acid 
tartrate  is  deposited  on  standing,  leaving  the  hydro- 
cyanic acid  in  solution. 

KCy  + = HCy  + KHC.H^O, 

Potassium  Tartaric  llydrocyanic  Potassium 

cyanide.  acid.  acid.  acid  tartrate. 

Pure  hydrocyanic  acid,  which  is  seldom  prepared 
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on  account  of  its  extremely  poisonous  nature  and  the 
danger  incurred  by  the  operator  in  the  preparation  of 
it,  may  be  obtained  by  passing’  dried  sulphuretted 
hydrogen  gas  over  heated  mercuric  cyanide,  the  hydro- 
cyanic  acid  vapour  being  condensed  in  a suitable 
apparatus  surrounded  by  a freezing  mixture. 


HgCyo  + HgS  =:  2HCy  + HgS 

Jlercuric  Sulphuretted  Hydrocyanic  Mercuric 

cyanide.  hydrogen.  acid.  sulphide. 

Hydroi^yanic  acid  is  present  in  the  essential  oil  of 
hitter  almonds,  being  produced  from  the  decomposition 
of  the  glucoside  amygdalin  under  the  influence  of  the 
ferment  emulsin  present  in  the  bitter  almonds,  the 
presence  of  water  being  necessary  for  the  emulsin  to 
act  on  the  amygdalin. 

C00H27NO11  -f-  2H2O  = C^HgO  -f 

Amygdalin.  Water.  Oil  of 

bitter  almonds. 

HCN  + 2CgHi206 

Hydrocyanic  Glucose, 

acid. 


Properties. — Hydrocyanic  acid  is  an  extremely 
powerful  and  rapidly  acting  poison  ; only  a very  dilute 
solution  of  it  is  employed  in  medicine,  the  Diluted 
Hydrocyanic  Acid,  B.  P.,  being  of  only  2 per  cent, 
strength.  If  dilute  hydrocyanic  acid  be  kept  for  some 
time  with  exposure  to  light  it  slowly  decomposes, 
becoming  converted  into  ammonium  formate. 

HCN  + 2H2O  = NH4CHO2 

Hydrocyanic  Water.  Ammonium 

formate. 


HCN  can  also  be  formed  from  ammonium  formate 
by  depriving  it  of  two  molecules  of  water,  and  is 
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therefore  sometimes  called  formonitrile  \ in  the  same 
way  acetonitrile  or  methyl  cyanide  can  be  obtained 
by  heating  ammonium  acetate  with  phosphoric 
anhydride. 


rcH.3 

\ C00NH4  ~ 

Ammonium  acetate. 


2HoO 

Water. 


Acetonitrile. 


Hydrocyanic  acid  is  contained  not  only  in  essential 
oil  of  bitter  almonds  but  in  essence  of  peach  kernels, 
essence  of  cherry  kernels,  bitter  almond  water  and 
cherry  laurel  water.  The  strength  of  hydrocyanic  acid 
can  be  determined  by  ascertaining  the  weight  of  silver 
cyanide  precipitated  by  adding  an  excess  of  silver 
nitrate  solution  to  a known  quantity  of  the  diluted 
hydrocyanic  acid.  The  antidote,  in  cases  of  poisoning 
by  hydrocyanic  acid,  is  to  convert  the  soluble  and 
diffusible  hydrocyanic  acid  into  the  insoluble  Prussian 
blue.  This  is  effected  by  giving  a draught  containing 
a mixture  of  sodium  carbonate,  ferrous  sulphate,  and 
ferric  chloride.  The  sodium  carbonate  forms  sodium 
cyanide. 

2HCy  + NaaCOg  = 2NaCy  + 

Hydrocyanic  Sodium  Sodium 

acid.  carbonate.  cyanide. 

HoO  + COg 
Water.  Carbon 

dioxide. 

This,  with  the  ferrous  sulphate,  forms  sodium 
ferrocyanide  : 

6NaCy  + FeSO^  = Na,^FeCy3  + 

Sodium  Ferrous  Sodium  Sodium  ^ 

cyanide.  sulphate.  ferrocyanide.  sulphate. 
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and  this,  with  the  ferric  chloride,  forms  Prussian 
blue. 


4FeCl3  + 

Ferric 

chloride. 


dNa^^FeCy, 

Sodium 

ferrocyanide. 


G = Fe,^(FeCjg)3 
Prussian 
blue. 


+ 


12NaCl 

Sodium 

chloride. 


As  a matter  of  fact,  hydrocyanic  acid  is  so  rapid 
in  its  action  as  a poison,  that,  as  a rule,  there  is  not 
time  to  obtain  and  administer  so  complex  an  antidote 
as  the  one  just  described. 

The  graphic  formula  of  hydrocyanic  acid  can 
be  written  in  two  ways  : 

H — C = N,  and  H — N = C. 

It  is  not  quite  certain  which  of  these  formulae  is 
correct,  but  when  an  organic  radicle  replaces  the 
hydrogen  both  bodies  are  known  ; thus  CoH.CN 
propionitrile,  and  CgH^NC,  which  is  called  ” an 
isonitrile  or  a carbamine.  The  nitriles  when  boiled 
with  KHO  yield  ammonia  and  an  acid  with  the 
same  number  of  carbon  atoms.  The  carbamines 
are  not  decomposed  by  potassium  hydrate,  but  when 
boiled  with  hydrochloric  acid  yield  formic  acid  and 
an  amine  («ee  page  367), 

Tests  for  hydrocyanic  acid — fi)  Prussian 
Uus  tes«._This  consists  in  adding  to  the  Iiydrocyanic 
acid,  caustic  soda,  solution  of  ferrous  sulphate,  solution 
of  ferric  chloride,  heating,  and  then  acidifyin<r  with 
hydrochloric  acid.  The  first  three  reagents  let  as 
described  in  connection  with  the  antidote  (see  above)  • 
the  hydrochloric  acid  is  finally  added  to  neutralise 
any  excess  of  caustic  alkali,  which  would,  if  present 
prevent  the  development  of  the  Prussian  blue. 

(ii)  Sul2>hocyanide  fesh  — This  depends  on  the 
conversion  of  the  hydrocyanic  acid  into  ferric  sulpho- 
cyanide,  which  is  of  a deep  blood-red  colour.  This 
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conversion  is  effected  by  adding  to  the  hydrocyanic 
acid  solution  of  ammonia  and  then  a few  drops  of 
yellow  ammonium  sulphide,  and  evaporating  the  mix- 
ture to  a low  bulk  ; to  the  concentrated  liquid,  hydro- 
chloric acid  and  ferric  chloride  are  then  added,  when 
the  deep  blood-red  colour  of  ferric  sulphocyanide  is 
produced.  The  solution  of  ammonia  converts  the 
hydrocyanic  acid  into  ammonium  cyanide. 

HCy  + NHg  = NH^Cy 

Hydrocyanic  Ammonia.  Ammonium 
acid.  cyanide. 

The  free  sulphur  contained  in  the  yellow  ammo- 
nium sulphide  then  converts  this  ammonium  cyanide 
into  ammonium  sulphocyanide. 

NH^Cy  + S = NH^CyS 

Ammonium  Sulphur.  Ammonium 

cyanide.  sulphocyanide. 

This  sulphocyanide,  on  the  addition  of  ferric 
chloride,  forms  the  blood-red  ferric  sulphocyanide. 
The  hydrochloric  acid  is  merely  added  to  neutralise 
any  excess  of  ammonia  that  may  be  present,  which 
would  otherwise  prevent  the  formation  of  the  ferric 
sulphocyanide. 

FeCL  -f  3NH,CyS  = Fe(CyS)3  + 3NH,C1 

Ferric'  Ammonium  Ferric  Ammonium 

chloiidc.  fulphocyanide.  sulphocyanide.  chloride. 

In  some  respects  the  cyanides  resemble  the 
chlorides,  both  giving  a white  curdy  precipitate  with 
silver  nitrate.  In  the  case  of  the  cyanide,  the  pre- 
cipitate is  soluble  in  excess  of  the  cyanide. 

Potassium  ferricyaiiide  (KgFeCy^.).  — This 
is  prepared  from  potassium  ferrocyanide  by  raising 
tlie  iron  from  the  ferrous  state,  in  which  it  exists  in 
the  ferrocyanide,  into  the  ferric  state,  in  which  it 
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exists  in  tlie  ferricycanide  ; this  is  most  conveniently 
effected  by  passing  chlorine  into  a solution  of  potas- 
sium feiTocyanide. 


2K,FeCye 

Potassium 

ferrocyanide. 


+ CI2  =: 

Chlorine. 


^KgFeCyg 

Potassium 

ferricyanide. 


+ 2KC1 

Potassium 

chloride. 


Properties. — Potassium  ferricyanide  occurs  in 
reddish-brown  crystals,  and  is  commonly  known  as  red 
liTiissidte  of  potash.  W^ith  a solution  of  a ferrous  salt 
potassium  ferricyanide  giv^es  a dark  blue  precipitate. 
With  ferric  salts  it  gives  no  precipitate  at  all,  but 
merely  a dark  olive-green  colour,  and  hence  it  is 
readily  distinguished  from  potassium  ferrocyanide, 
which  with  ferric  chloride  gives  a dark  blue  precipi- 
tate. It  is  a powerful  oxidising  substance. 


Alcoholic  Cyanides. 

Methyl  cyanide  (CH.CN).  — This  alcoholic 
cyanide  is  prepared  by  distilling  the  potassium  salt 
of  methyl  sulphuric  acid  with  potassium  cyanide. 


KCH.SO^ 

Potassium 
methyl  sulphate. 


-f  KCN 

Potassium 

cyanide. 


= CH3CN 

Methyl 

cyanide. 


+ K2SO4 
Potassium 
sulphate. 


Ethyl  cyanide  (CgH^CN).— This  is  prepared  in 
a similar  manner  to  the  above  by  distilling  the  potas- 
sium salt  of  ethyl  sulphuric  acid  with  potassium 
cyanide. 


KC0H5SO, 

Potassium 
ethyl  sulphate. 


+ KCN 

Potassium 

cyanide. 


C3H5CN  + KjSO, 

Ethyl  Potassium  • 

cyanide.  sxilphate. 


Potassium  sulphocyanate  or  sulphoey- 
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aiiide  (KCNS). — This  may  be  prepared  by  fusing 
together  potassium  ferrocyanide  and  sulphur. 

K^FeCyg  + 6S  = 4KCyS  + Fe(CyS)2 

Potassium  Sulphur,  Potassium  Ferrous 

ferrocyanide.  sulphocyanide.  sulphocyanide. 

The  fused  mass  is  then  boiled  with  water  and 
potassium  carbonate  added  to  convert  the  ferrous 
sulphocyanide  into  potassium  sulphocyanide  and 
ferrous  carbonate,  the  latter  being  precipitated. 

Fe(CyS)o  + K2CO3  = 2KCyS  + FeCOg 

Ferrous  Potassium  Potassium  Ferrous 

sulphocyanide.  carbonate.  sulphocyanide.  carbonate. 

The  soluble  sulphocyanides  may  also  be  jDrepared 
by  direct  union  of  the  soluble  cyanides  and  sulphur, 
as  in  the  sulphocyanide  test  for  hydrocyanic  acid  {see 
page  369).  Potassium  sulphocyanide  is  present  in 
minute  quantities  in  the  saliva  of  man. 

Test. — Potassium  sulphocyanide  gives  with  ferric 
chloride  a deep  blood-red  colour.  This  colour  is  not 
discharged  on  the  addition  of  strong  hydrochloric 
acid ; it  is  thus  distinguished  from  the  blood-red 
colour  given  by  ferric  chloride  with  an  acetate,  the 
colour  of  ferric  acetate  being  discharged  by  strong 
hydrochloric  acid  {see  page  436).  The  colour  of  ferric 
sulphocyanide  is  discharged  on  the  addition  of  a 
solution  of  mercuric  chloride,  and  in  this  way  it  is 
distinguished  from  the  blood-red  colour  given  by 
ferric  chloride  with  meconic  acid  or  a meconate,  the 
red  colour  of  ferric  meconate  not  being  discharged  by 
mercuric  chloride  {see  Chapter  XI.,  Alkaloids). 

Cyanates  and  Urea. 

Potassitiiii  cyaiiatc  (KCXO). — This  may  be 
prepared  by  exposing  fused  potassium  cyanide  for 
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some  time  to  the  air,  when  oxygen  is  absorbed  and 
the  cyanate  formed  ; or  it  may  be  prepared  by 
dropping  a metallic  oxide,  such  as  lead  oxide,  into 
the  fused  potassium  cyanide ; the  latter  unites  with 
the  oxygen  of  the  lead  oxide,  forming  potassium 
cyanate,  and  the  metal  lead  is  set  free. 

Aiunionitini  cyanate  (NH^CNO). — This  salt 
is  prepared  by  mixing  solutions  of  potassium  cyanate 
and  ammonium  sulphate,  when  double  decomposition 
takes  place. 

2KCNO  4-  (NH4)2S04  = 2NH4CNO  + KgSO^ 

Potassium  Ammonium  Ammonium  Potassium 

cyanate.  sulphate.  cyanate.  sulphate. 

Alcohol  is  then  added  to  precipitate  the  potassium 
sulphate,  leaving  the  ammonium  cyanate  in  solution. 
This  salt  is  of  interest  as  its  isomer  urea  (CO(NH2)o) 
can  be  prejiared  from  it.  The  conversion  of  ammonium 
cyanate  into  urea  is  eflfected  by  simply  evaporating 
its  solution  to  dryness  on  the  water-bath,  when  urea 
is  left ; the  temperature  of  boiling  water  is  therefore 
sufficient  to  change  ammonium  cyanate  into  urea. 
The  urea,  in  its  turn,  may  be  reconverted  into  am- 
monium cyanate  by  raising  it  to  a dull  red  heat, 
when  ammonia  gas  is  evolved  and  cyanuric  acid 
formed. 

3C0(NH2)2  = H3C3N3O3  -f  3NH3 

Urea.  Cyanuric  acid.  Ammouia. 

If  the  cyanuric  acid  be  more  strongly  heated,  it 
splits  up  into  cyanic  acid,  which  distils  over. 

H3C3N3O3  = 3HCNO 

Cyanuric  Cyanic 

acid.  acid. 

If  the  cyanic  acid  is  neutralised  with  ammonia, 
ammonium  cyanate  is  reproduced. 
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As  urea  is  so  closely  connected  with  ammonium 
cyanate,  it  will  be  convenient  to  consider  it  here, 
although  it  belongs  to  a group  of  bodies,  the  amides, 
whose  structure  has  not  yet  been  studied  {see  p.  3S3). 

Urea  or  carlmiiiide  (CO(NH2)3). — This  im- 
portant amide  occurs  as  a normal  constituent  of  urine, 
it  being  the  chief  form  in  which  the  waste  or  super- 
fluous nitrogen  of  the  system  is  eliminated.  As  an 
amide,  it  is  derived  from  two  molecules  of  ammonia 
by  displacement  of  two  out  of  the  six  atoms  of 
hydrogen  by  the  bivalent  radicle  carbonyl  (CO)  ; 
thus  : 


The  formula  and  constitution  of  urea  are  more 
conveniently  represented  by  showing  the  bivalent 
carbonyl  radicle  (CO)  in  direct  union  with  two  equi- 
valents of  amidogen  (NHo) ; thus  : 


Preparation. — (i)  Urea  may  be  extracted  from 
urine  by  evaporating  the  urine  to  one-sixth  of  its 
bulk,  and  adding,  when  cold,  strong  nitric  acid  ; on 
standing,  yellowish  crystals  of  the  nitrate  of  urea  are 
deposited ; these  are  collected  on  a filter,  dissolved  in 
boiling  water,  and  barium  carbonate  added  to  form 
barium  nitrate  and  free  urea.  The  whole  is  then 
evaporated  to  dryness  on  a water-bath,  and  the  dry 
residue  exhausted  with  boiling  alcohol,  which  dissolves 
out  the  uiea,  leaving  the  barium  nitrate  insoluble; 


Ammonia 


Urea  or 
carbamide. 


(2  molecules), 


Urea. 


Chap.  IIT.] 


375 


the  filtered  alcoholic  solution,  when  evaporated,  de- 
posits crystals  of  urea. 

(ii)  Urea  may  be  prepared  from  its  isomer  am- 
monium cyanate  by  simply  evaporating  a solution  of 
that  salt  to  dryness  on  a water-bath  {see  page  373),  or 
by  boiling  lead  cyanate  with  water. 

(iii)  Urea  is  obtained  by  heating  ammonium 
carbamate  (NH^NHoCOo),  so  as  to  deprive  it  of  the 
elements  of  water. 


NH.O  _ 
NHo  “ 


Ammonium  carbamate. 


Urea. 


Water. 


(iv)  Urea  can  also  be  obtained  by  the  action  of  am- 
monia on  carbonyl  chloride  (COClo).  {See  page  161.) 

CO<q{  + 2NH3  = CO<^®2  + 2HC1 

Carbonyl  Ammonia.  Urea.  " Hydrochloric 

chloride.  acid. 

(v)  Urea  is  also  produced  by  acting  on  ethyl 
carbonate  ((C2H5)oC03)  with  ammonia. 


+ 2NH3  = + 2C,H3H0 

Ethyl  Ammonia.  Urea.  ~ Ethyl 

carbonate.  alcohol. 

Properties. — Urea  occurs  in  transparent  colour- 
less crystals,  soluble  in  water  and  alcohol  ; under  the 
influence  of  heat  it  evolves  ammonia,  producing  at 
first  biuret,  then  cyanuric  acid,  and  finally  cyanic  acid 
{see  p.  373).  Urea  is  neutral  to  test  paper,  but  if 
urine  is  exposed  to  the  air  it  soon  becomes  alkaline 
(owing  to  the  action  of  bacteria),  from  conversion  of 
the  urea  into  ammonium  carbonate,  which  is  formed  by 
the  union  of  urea  with  the  elements  of  water. 
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CO(NHo)2  + 2H2O  = (NHJ2CO3 

Urea.  Water.  Ammonium 

carbonate. 


Urea  is  instantaneously  decomposed  by  nitrous 
acid,  carbon  dioxide  and  nitrogen  being  evolved. 

C0(NH2)3  + 2HNO2  = CO2  + 2^2  + 3H2O 

Urea.  Nitrous  Carbon  Nitrogen,  Water, 

acid.  dioxide. 


It  is  also  decomposed  by  the  hypobromites  and 
hypochlorites  with  evolution  of  carbon  dioxide  and 
nitrogen ; thus  sodium  hypobromite  (NaBrO)  in 
presence  of  urea  is  reduced  to  sodium  bromide  (NaBr), 
its  oxygen  oxidising  the  carbon  and  hydrogen  of  the 
urea  to  carbon  dioxide  and  water  respectively,  the 
nitrogen  being  set  free. 


C0(NH2)2  + SNaBrO 

Urea.  Sodium 

hypobromite. 


3NaBr  + CO2  + 

Sodium  Carbon 

bromide.  dioxide 


N2  + 2H2O 

Nitrogen.  Water. 


Estimation  of  urea  in  urine. — Hypobromite 
process. — This  process  consists  in  decomposing  the 
urea  in  a measured  quantity  of  urine  by  means  of 
sodium  hypobromite,  an  excess  of  free  caustic  soda 
being  present  in  the  hypobromite  solution,  so  that 
the  carbon  dioxide  is  absorbed  by  it,  and  only  the 
nitrogen  is  evolved ; the  volume  of  nitrogen  evolved 
is  then  measured.  The  apparatus  (Fig.  40)  consists 
of  a bottle  a,  into  which  25  c.c.  of  a strong  alkaline 
solution  of  sodium  hypobromite  are  introduced  ; into 
this  is  carefully  lowered  a small  test-tube  h containing 
5 c.c.  of  the  urine  to  be  examined,  care  being  taken 
not  to  spill  any  of  the  urine  into  the  hypobromite 
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solution.  The  bottle  a is  then  connected  by  means  of 
a perforated  cork  and  india-rubber  tubing  with  the 
graduated  tube  b,  which  is  immersed  in  a reservoir  of 
water  c 3 before  the  commencement  of  each  experi- 


Fig.  40. — Apparatus  for  the  Estimation  of  Urea  in  Urine  by  the  Hypo- 

bromite  Process. 


ment,  the  water  in  b is  adjusted  so  as  to  be  at  the 
zero  mark. 

The  bottle  a is  then  inclined  to  one  side,  so  as  to 
allow  the  urine  contained  in  the  small  tube  h to  flow 
into  the  h3^pobromite  solution,  when  the  urea  is 
immediately  decomposed  into  carbon  dioxide,  nitrogen, 
and  water  ; the  carbon  dioxide  is  instantly  absorbed 
by  the  caustic  soda  present  in  the  solution,  and  only 
the  nitrogen  escapes  with  effervescence.  Whatever 
the  amount  of  nitrogen  evolved,  there  will  be  an 


37^ 


Chemistry. 


{Pan  IV. 


equal  volume  of  the  air  contained  in  the  apparatus 
forced  over  into  the  measuring  tube  b,  where  the 
amount  can  be  read  off,  after  cooling,  by  lowering  b 
into  the  water  in  c and  then  raising  b until  the 
liquids  in  b and  c are  at  the  same  level,  and  from  its 
volume  the  amount  of  urea  contained  in  the  5 c.c.  of 
urine  can  be  determined.  Employing  5 c.c,  of  urine 
in  connection  with  each  estimation,  the  tube  b is  so 
graduated  that  the  numbers  1,  2,  3,  etc.,  marked  on 
it  represent  1,  2,  and  3 per  cent,  of  urea  in  the  urine. 

Tests. — A solution  of  urea  gives  (i)  a white  pre- 
cipitate with  a solution  of  mercuric  nitrate, 

(ii)  An  effervescence  of  nitrogen  with  an  alkaline 
solution  of  sodium  hypobromite. 

(iii)  If  moderately  strong,  crystals  of  urea  nitrate, 
when  mixed  in  the  cold  with  strong  nitric  acid. 
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CHAPTER  IV. 

CLASSIFICATION  OF  ORGANIC  COMPOUNDS. 

Hydrocarbons  Alcohols — Aldehydes — Ethers  — Esters  — Organic 
Acids  Anhydrides  — Acid  Halides  — Ketones  — Amines  — 
Amides. 

The  following  are  the  chief  groups  of  organic 

compounds,  with  illustrations  of  each  : 

Hydrocarbons. — Compounds  of  carbon  and 
hydrogen  only.  A very  large  number  of  hydro- 
carbons exist , the  most  important  are  the  followino" ; 
(a)  para^7is,  (b)  olejines,  (c)  acetylene  series^  {d)  ben- 
zene or  aromatic  series. 

Paraffins,  on  account  of  being  completely  saturated 
bodies,  have  but  little  affinity  for  other  elements, 
hence  the  derivation  of  their  name  (from 
affinis,  little  affinity)  ; olefines  derive  their  name  from 
olefiant  gas  or  ethene  (CgH^),  the  first  known  member 
of  the  group  of  unsaturated  hydrocarbons. 

All  paiaffins  are  referable  to  the  general  formula 
that  is,  by  doubling  the  number  of  the 
carbon  atoms,  and  adding  two,  the  number  of  the 
hydrogen  atoms  will  always  be  obtained.  The  sim- 
plest 2>ciraffin  is  methane  or  marsh  gas  (CHJ. 

H 

I 

H-C— H 
H 

Graphic  formula  of  methane. 


The  two  carbon  2^araffin  is  ethane  (CgHJ. 
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H II 

H— C— C— H 

H H 

Graphic  formula  of  ethane. 

The  ihree-carbon  para^n  is  propane  (C^Hg). 

H H H 

I I I 

H— C—  C— C— H 
H H 

Graphic  formula  of  propane. 

The  simplest  olefine  is  ethene  or  olefiant  gas 
(C0H4).  The  graphic  formula  shows  that  two  of  the 
atom-fixing  powers  of  the  carbon  atoms  are  not  united 
with  hydrogen,  but  these,  when  the  olefine  is  in  the 
free  state,  unite  with  one  another,  and  so  neutralise 
their  fixing  powers. 

H II 

I I 


Graphic  formula  of  ethene. 


It  will  be  seen  that  the  three  paraSins  just  men- 
tioned, CH^,  CnHg,  constitute  a series,  any 

member  of  which  differs  from  the  succeeding  one  by 
CHo ; such  a series,  tlio  members  of  which  difier  in 
composition  by  a constant  quantity,  which  have  similar 
reactions  and  show  a regular  gradation  of  physical 
pro[)erties,  such  as  boiling  point,  melting  point,  etc., 
is  called  a homologous  series. 
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Alcohols.— The  hydrates  or  hydroxides  of  hydro- 
carbon radicles  ; the  monatomic  alcohols  are  tlie 
hydrates  of  univalent  hydrocarbon  radicles : e.g. 

methyl  alcohol  (CHoHO)and  ethyl  alcohol  (CoH^HO); 
the  diatomic  alcohols  are  the  hydrates  of  biva- 
lent hydrocarbon  radicles ; e.g.  ethylene  glycol 
(CoH^(HO)o) ; the  triatomic  alcohols  are  the  hydrates 
of  trivalent  hydrocarbon  radicles ; e.g.  glycerine 
(03^5(1^0)3) ; and  so  on. 

Aldehydes, — Compounds  derived  from  alcohols 
by  the  abstraction  of  two  atoms  of  hydrogen  from  the 
molecule  of  an  alcohol,  e.g. — 


They  are  generally  produced  by  the  gentle  oxi- 
dation of  the  alcohols  ; they  all  contain  the  group 
(COH),  thus  the  formula  of  acetic  aldehyde  may  be 


Ethers. — The  oxides  of  hydrocarbon  radicles. 
As  alcohols  are  the  hydrates  of  hydrocarbon  radicles, 
BO  to  every  alcohol  there  is  a corresponding  ether,  the 
ether  being  the  oxide  of  the  radicle  of  which  the 
alcohol  is  the  hydrate  : e.g. — 

Methyl  alcohol  CH3.HO.  Ethyl  alcohol  CgHg.HO. 

Methyl  ether  (0113)2.0.  Ethyl  ether  (C2Hg)3.0. 

Ethereal  salts  or  esters. — Compounds  of  the 
hydrocarbon  or  alcohol  radicles  with  acid  radicles. 
An  ethereal  salt  may  be  regarded  as  derived  from  an 
alcohol  the  hydroxyl  of  which  has  been  displaced  by 
a negative  radicle  : e.g. — 


Ethyl  alcohol  C2HgO. 
Ethyl  aldehyde  CoH^O. 


ethyl  alcohol  may  be  written 


CH3 

ch'oh. 
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Ethyl  nitrite  or  nitrous  ether  CgHg.NO.,, 

Ethyl  acetate  or  acetic  ether  C2H5C0H3O2  ; 

just  as  we  derive  from  potassium  liydrate  by  a similar 
replacement,  potassium  nitrite,  KNOg,  etc.  " 

If  the  negative  radicle  united  with  the  alcohol 
radicle  is  one  of  the  halogen  elements  (chlorine, 
bromine,  iodine,  fluorine),  then  the  ethereal  salt  is 
sometimes  called  a haloid  ether  : e.g. — 

Methyl  chloride  CH3.CI. 

Ethyl  iodide  C2HgI. 

Organic  acids. — Compounds  containing  the 
radicle  oxatyl  or  carboxyl  (COOH)  united  usually  with 
some  other  radicle.  The  substance  united  with  the 
oxatyl  may  be  simply  hydrogen,  as  in  the  case  of  formic 
acid,  or  it  may  be  an  alcohol  radicle,  as  in  the  case  of 
acetic  acid,  or  it  may  be  oxatyl  itself,  as  in  the  case  of 
oxalic  acid. 


JH  rCHg  fCOOH 

■[COOH  |C00H  |C00H 

Formic  Acetic  Oxalic 

acid.  acid.  acid. 


The  basicity  of  the  acid  (see  p^-go  40)  depends 
upon  the  number  of  oxatyl  (COOH)  groups  the  acid 
contains ; if  it  contains  one  such  group,  as  in  acetic 
acid,  it  is  monobasic ; if  two,  as  in  oxalic  acid,  it  is 
dibasic,  etc. 

It  is  instructive  also  to  notice  that  the  acids  may 
be  looked  upon  as  the  hydrates  of  oxidised  radicles. 
Thus,  (C2H5)H0  is  ordinary  alcohol  j if  we  replace 
two  atoms  of  hydrogen  in  the  ethyl  by  one  of  oxygen 
we  have  the  oxidised  radicle  acetyl  (C0H3O),  and  the 
hydrate  of  this  ((CoH30)HO)  is  acetic  acid. 

Aiiliydri<les. — These  may  be  regarded  as  the 
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acids  deprived  of  water,  or  as  the  oxides  of  the  oxi- 
dised radicles,  just  as  tlie  ethers  are  the  oxides  of  the 
lijdrocarbon  radicles,  thus : 


CH„ 

COOH 


Acetic  acid. 


H,0 

Water. 


Acetic 

anhydride. 


Acetic  anhydride  can  also  be  written  (C2H30)cj0,  just 
as  ethyl  ether  is  written  (02115)20. 

Acid  Imlides  are  the  chlorides  and  other  salts  of 
the  oxidised  radicles,  thus  (C2H30)C1,  acetyl  chloride, 
etc. 

Ketones. — These  bodies  in  some  respects  re- 
semble the  aldehydes,  but  they  contain  the  group 
COR,  (where  R may  be  any  organic  radicle),  instead 

of  the  group  COH,  thus  < qqCH  ’ 

Amines. — Bodies  derived  from  ammonia  (NH3) 
by  replacing  one  or  more  atoms  of  hydrogen  by  an 
organic  radicle,  thus  : 


NH2CH3  Methylamine. 

N(CH3)3  Trimethylamine. 

They  closely  resemble  ammonia  in  their  reactions 
and  properties. 

Amides. — Bodies  derived  from  ammonia  by  re- 
placing one  or  more  atoms  of  hydrogen  by  the  acid  or 
oxidised  radicles,  thus  : 


NH2(C2H30)  Acetamide. 

'[  Carbamide  or  urea. 


The  amides  can  also  be  looked  upon  as  acids  in 
which  tiO  gioups  have  been  replaced  by  amidogen 
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(NHg);  thus,  in  carbonic  acid  ( | qh)’ 

. i NHo 

replace  the  two  HO  groups,  we  have  OU  ^ urea. 

The  amides  are  usually  neutral  bodies  uniting  both 
with  acids  and  bases. 

Orgafio-inetallic  bodies  in  which  the  radicles 
are  combined  with  metals,  as  Zn(CoH5)2,  zinc  ethyl. 

Oi'g^aiiic  bodies  coiitaiiiiBig  siilpliii>>  sele- 

■liiim^  etc.,  instead  of  oxygen,  as  sulphur  alcohol  01 
mercaptan  (CgH-HS). 


Sulphur  urea  CS 


t NHg, 


or  pliosplioriis  or  arsenic,  instead  of  nitrogen,  as 
kakodyl  As.2(CH3)4). 
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CHAPTER  V. 

HYDROCARBONS. 

ParaflBn  or  Fatty  Series : Occurrence  in  Nature— Methane — 
Ethane— Petroleum.  Olefine  Series  : Ethylene.  Acetylene 
Series:  Acetylene.  Coal  Gas— Structure  of  Flame. 

The  paraffin  hydrocarbons  may  be  looked  upon  as 
the  hydrogen  compounds  or  hydrides  of  the  radicles 
methyl,  etc.,  thus,  marsh  gas  or  methane  ((CH3)H), 
ethane  ((CoH^^H),  etc.  These  radicles,  in  consequence 
of  the  basic  characters  of  their  hydrates  and  oxides, 
are  sometimes  called  the  alkyl  radicles. 

It  is  a most  important  series  ; all  members  have 
the  formula  C^H2n  + 2.  About  thirty  members  are 
known;  the  first  four  are  gases.  Pentane  (CgH^g) 
and  all  the  members  up  to  CjyHgg  are  liquids,  the  rest 
being  solids. 

They  are  all  saturated  bodies — i.e.  none  of  the 
bonds  of  the  carbon  atoms  are  latent.  The  strongest 
acids  and  the  most  powerful  alkalies  fail  to  atSick 
them.  When  mixed  with  chlorine  and  exposed  to 
light,  the  hydrogen  atoms  can  be  replaced  by  chlorine. 

Their  occurrence  in  nature  is  interesting.  In 
1847  a small  petroleum  spring  in  a Derbyshire  coal 
mine  was  discovered  by  the  late  Lord  Playfair ; this 
was  purified  and  used  for  illuminating  purposes.  It 
soon,  however,  became  exhausted,  and  in  1850  Younts 
obtained  a similar  oil  by  distilling  a hard  slaty  coal 
This  industry  still  continues  in  Scotland.  Soon  after 
(in  1859)  a bore  hole  was  made  in  search  of  petroleum 
at  Titusville,  in  America,  and  a spring  was  struck 
yielding  800  gallons  a day.  Since  that  date  numerous 
springs  have  been  discovered  in  America,  Russia,  and 
elsewhere. 

Crude  petroleum  or,  as  it  is  called  in  this  country, 

N 
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paraffin  oil,  is  a mixture  of  many  paraffins  and  a 
small  quantity  of  olefines.  The  latter  are  destroyed 
by  agitation  with  strong  sulphuric  acid,  tlie  acid 
neutralised  by  soda,  and  the  oil  distilled  in  fractions, 
which  are  separated  according  to  their  boiling  points. 
Thus,  the  most  volatile  portion,  boiling  40° — 70°,  is 
known  as  petroleum  ether;  that  boiling  70° — 90° 
as  gasoline  ; light  petroleum,  or  benzoline,  comes  over 
at  80° — 120°.  Then  we  have  .the  portion  boiling 
120° — 170°,  which  is  sometimes  used  as  a substi- 
tute for  turpentine  ; next  come  the  ordinary  burning 
oils,  known  as  “ paraffin  ” or  kerosene,  boiling  150° — 
300°.  Above  these  we  have  lubricating  oils,  vase- 
line, and  various  tarry  substances ; and,  in  the  dis- 
tillate from  shale,  paraffin  wax. 


(I.)  Paraffin  Series. 

Metliane  (CH^). — Known  also  as  marsh  gas, 
fire-damp,  and  light  carhuretted  hydrogen. 

Modes  of  preparation. — (i)  By  heating  a 
mixture  of  sodium  acetate  and  caustic  soda,  the  latter 
being  most  conveniently  employed  in  the  form  of 
soda-lime. 

KaC2H302  + NaHO  = CH^  + Na2C03 

Sodium  ""  Sodium  Methane.  Sodium 

acetate.  hydrate.  carbonate. 

(ii)  By  passing  a mixture  of  sulphuretted  hydro- 
gen and  the  vapour  of  carbon  disulphide  over  red-hot 
copper. 

2H2S  + CSg  + 8Cu  = CH^  + 4CU2S 

Sulphuretted  Carbon  Copper.  Methane.  Cuprous 

hydrogen.  disulphide.  sulphide. 

(iii)  Methane  is  produced  by  the  slow  decom- 
position of  vegetable  substances,  as  in  marshes  and 
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stagnant  pools,  when  it  is  known  as  marsh  gas ; it 
IS  also  found  in  coal  mines,  where  is  is  known  as  fire- 
damp. It  issues  from  the  earth  in  enormous  volumes 
m certain  localities,  the  Crimea,  Pittsburg,  and  Heath- 
neld  in  Sussex. 

1.  Methane  is  formed  by  the  dry  or  destructive 
distilktion  of  various  organic  substances,  and  is  one  of 
the  chief  constituents  of  coal  gas  (about  34  per  cent.). 

(v)  Marsh  gas  can  also  be  produced  by  the  action 
of  water  upon  aluminium  carbide  (Al^Cg). 

iod’d"^^  action  of  nascent  hydrogen  on  methyl 

Properties  of  methane.— A colourless,  in- 
odorous, ^and  tasteless  gas,  condensing  to  a liquid 

specific  gravity  is  8,  and  it  is  therefore  much 
lighter  than  air;  it  is  but  very  slightly  soluble  in 
water,  and  is  combustible,  but  not  a supporter  of 
combustion.  It  burns  with  a feebly  luminous  flame, 
producing  carbon  dioxide  and  water ; if  mixed  with 
oxygen  or  air,  and  a light  applied  to  the  mixture,  an 
explosion  will  take  place ; this  is  the  chief  cause  of 
the  disastrous  explosions  that  occur  in  coal  mines. 
Methane  is  not  poisonous,  but  it  is  incapable  of 
supporting  life.  A mixture  of  methane  and  excess 
of  chlorine  exposed  to  bright  sunshine  explodes,  form- 
ing  hydrochloric  acid  and  setting  free  carbon  ; but  in 
diffused  daylight  chlorine  acts  upon  methane  slowly 
and  quietly,  forming  a series  of  substitution  products 
according  to  the  amount  of  chlorine  used.  Thus  if 
equal  volumes  of  methane  and  chlorine  are  employ^ 
methyl  chloride  or  monochlormethane  (CH,C1)  is 
formed.  \ 3 / 


CH,  + Cl3  = 

Methane.  Chlorine. 

If  1 volume  of  methane 


CH,C1  + HCI 

Methyl  Hydrochloric 

chloride.  acid. 

and  2 volumes  of  chlorine 
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are  employed,  bichloride  of  methylene  or  dichlor- 
methane  (CHgClg)  is  formed. 

CH^  + 2CI2  = CH2CI2  + 2HC1 

Methane.  Chlorine.  Methylene  Hydrochloric 

bichloride.  acid. 

If  1 volume  of  methane  and  3 volumes  of  chlorine 
are  employed,  chloroform  or  trichlormethane  (CHCI3) 
is  formed. 

CH4  -f  SClg  = CHCI3  + 3HC1 

Methane.  Chlorine.  Chloroform.  Hydrochloric 

acid. 


Lastly,  if  1 volume  of  methane  and  4 volumes  of 
chlorine  are  employed,  carbon  tetrachloride  or  tetra- 
chlormethane  (CCI4)  is  formed, 

CH.  + 4CI3  = CCI4  + 4HC1 

Methane.  Chlorine.  Carbon  Hydrochloric 

tetrachloride.  acid. 

Test  for  methane. — When  a mixture  of 
1 volume  of  the  gas  and  3 volumes  of  chlorine  is 
exposed  to  diffused  daylight,  chloroform  is  produced. 

£thane  (CgHg). — This  paraffin  may  be  considered 
as  di-methyl  (0113)2,  or  ethyl  hydride  (C2H5)H,  and 
may  be  obtained  by  the  action  of  sodium  on  a solution 
of  methyl  iodide  in  ether. 

(i)  2CH3I  + 2Na  = C2H6  + 2NaI 

Methyl  Sodium.  Ethane.  Sodium 

iodide. 


(ii)  By  electrolysis  of  sodium  or  potassium  acetate. 


2KCJH3O2  + 2H2O  = C2H8  + 2HKCO, 

Potassium  Water.  Ethane, 

acetate. 


Potassium 

bicarbonate. 


+ H2 
Hydro- 
gen. 


In  its  properties  it  resembles  methane ; it  becomes 
liquid  under  a pressure  of  46  atmospheres  at  4 . 
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(II.)  Olefine  Series. 

®"***^*®**®  (^2^4)- — Known  also  as  ethene^  olefiant 
gas,  and  heavy  carbureited  hydrogen. 

Modes  of  preparation — (i)  By  heating  a 
mixture  of  one  volume  of  alcohol  and  four  volumes  of 
strong  sulphuric  acid.  The  action  of  the  sulphuric 
acid  IS  simply  that  of  dehydration,  or  withdrawal  of 
the  elements  of  water  from  the  alcohol;  the  tem- 
perature of  the  mixture  must  be  above  154°. 

CoHgO  - H3O  = CgH, 

Alcohol.  Water.  Etliylene. 


(ii)  By  passing  acetylene  (CgHo)  through  a mix- 
ture of  zinc  and  an  alkali  generating  nascent  hydrogen. 


CM,  + = 

Acetylene.  Hydrogen, 


Ethylene. 


(iii)  Ethylene  is  produced  during  the  dry  or 
destructive  distillation  of  many  organic  bodies — coal, 
for  instance  and  is  present  to  the  amount  of  about 
^ to  5 per  cent,  in  coal  gas. 

Properties  of  ethylene — A colourless,  in 
odorous,  and  tasteless  gas;  its  specific  gravity  is  14 
and  It  is^  therefore  a little  lighter  than  air  liquefies 

slightly  soluble  in  water,  and  is 
combustible,  but  not  a supporter  of  combustion.  It 
burns  with  a very  luminous  flame,  producing  carbon 
dioxide  and  water ; the  luminosity  of  coal  gas  when 
burnt  IS  in  great  part  due  to  the  presence  of  ethvlene 
in  t e gas.  A mixture  of  ethylene  and  oxygen  or 
air  explodes  on  the  application  of  a light.  Ethylene 
IS  not  a direct  poison,  but  it  is  incapable  of  supporting 
life.  It  unites  with  chlorine,  bromine,  and  iodin^ 
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forming  oily  liquids,  and  hence  its  old  name  of 
olefiant  gas  (from  oleum,  oil,  and  fians,  forming) ; its 
compound  with  chlorine,  ethylene  chloride  (CjH^Clg), 
was  discovered  by  some  Dutch  chemists,  and  is  known 
as  Dutch  liquid.  Ethylene  dissolves  in  strong  sub 
phuric  acid  forming  ethylsulphuric  acid. 

+ H^SO,  = HC2H5SO, 

Ethylene.  Sulphuric  Ethylsulphuric 

acid.  acid. 

This,  when  boiled  with  water,  splits  up  into 
alcohol  and  sulphuric  acid. 

HC.HgSO^  + HgO  = C2H.^H0  + H2SO4 

Ethylsulphuric  Water.  Ethyl  Sulphuric 

acid.  alcohol.  acid. 

Ethylene  is  the  simplest  member  of  the  olefine 
series  of  hydrocarbons  ; they  have  the  general  formula 
CnHsn,  the  first  four  members  are  gases,  the  next 
fourteen  liquids.  They  are  unsaturated  bodies,  so 
that  chlorine  and  bromine  add  themselves  on  directly, 
as  in  the  formation  of  Dutch  liquid. 

Tests  for  ethylene.  — The  luminosity  with 
which  the  gas  burns,  combined  with  its  being  in- 
odorous, and  the  fact  that  it  forms  an  oily  liquid 
with  chlorine,  and  is  absorbed  by  strong  sulphuric 
acid,  constitute  the  best  means  for  the  identification 
of  this  gas. 


(III.)  Acetylene  Series. 

Acetylene  (C2H0). — This  body  is  of  interest  in 
that  it  is  the  only  hycirocarbon  that  can  be  prepared 
by  direct  union  of  its  elements. 
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i^lodes  of  preparation. — (i)  By  synthesis ; if 
the  electric  arc  is  produced  in  an  atmosphere  of 
hydrogen,  the  two  elements  will  unite  at  the  very 
high  temperature  produced,  and  about  9 per  cent, 
of  acetylene  is  formed. 

2C  + Hg  = C2H2 

Carbon.  Hydrogen.  Acetylene. 

(ii)  By  passing  the  vapour  of  chloroform  over 
red-hot  copper. 

2CHCI3  + 6Cu  = C2H2  + SCugClo 

Chloroform.  Copper.  Acetylene.  Cuprous^ 

chloride. 

(iii)  By  the  incomplete  combustion  of  ethylene 
(^2^4)>  when  the  coal  gas  in  a Bunsen  burner 
catches  fire  at  the  bottom  of  the  burner ; on  account 
of  the  insufficient  supply  of  air  under  such  conditions, 
only  part  of  the  hydrogen  of  the  ethylene  undergoes 
combustion,  acetylene  fcing  produced. 

2C2H4  + 02  = 2C2H3  + 2H2O 

Ethene.  Oxygen.  Acetylene.  Water. 

(iv)  By  the  action  of  water  on  calcium  carbide. 

CaCj  + m„0  = C2H2  + Ca(HO), 

Calcium  Water.  Acetylene.  Calcium 

carbide.  hydrate. 

Of  late  years  this  method  has  been  largely  used 
for  making  acetylene  for  illuminating  purposes  ^ 

1 lb.  of  carbide  yields  about  5 cubic  feet  of  nearly 
pure  acetylene.  Care  should  be  taken  in  its  use. 
It  should  not  be  subjected  to  a pressure  of  more 
than  two  atmospheres.  The  calcium  carbide  (made  by 
heating  chalk  with  charcoal  in  the  electric  furnace) 
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should  be  free  from  phosphide,  or  hydrogen  phosphide 
may  be  produced  and  fire  the  acetylene. 

Properties  of  aeetyleiie. — A colourless  gas, 
possessing  an  unpleasant  odour ; its  specific  gravity 
is  13,  It  burns  with  a very  bright  and  (unless 
the  burner  has  a very  small  orifice)  smoky  flame, 
on  account  of  the  large  amount  of  carbon  con- 
tained in  it ; if  mixed  with  chlorine  it  explodes 
almost  instantly. 


COAL  GAS. 

Coal  gas  is  a mixture  of  gases,  consisting  mainly 
of  hydrogen  and  hydrocarbons,  produced  by  the  dry  or 
destructive  distillation  of  coal.  The  coal  is  heated, 
without  contact  of  air,  in  iron  retorts,  and  the  products 
of  its  destructive  distillation  are  made  to  pass,  firstly, 
through  condensers  in  which,  as  a result  of  the  cooling 
they  are  subjected  to,  the  heavy  coal-tar  and  the 
lighter  ammoniacal  gas-liquor  are  condensed  and 
collected  in  tanks ; and,  secondly,  the  gas  is  led 
through  towers  filled  with  wet  coke  to  dissolve  out 
the  ammonia,  and  then  through  purifying  chambers, 
containing  either  moist  slaked  lime  or  ferric  oxy- 
hydrate  spread  on  shelves,  either  of  which  removes 
the  gaseous  impurities  containing  sulphur,  the  former 
removing  carbon  dioxide  as  well ; finally,  the  gas  is 
stored  in  a gasometer.  Modern  coal  gas  contains 
some  quantity  of  “ water  gas,”  i.e.  the  mixture  of 
carbon  monoxide  and  hydrogen  obtained  by  passing 
steam  over  red  hot  coke. 

The  constituents  of  coal  gas  may  be  divided  into 
three  groups — the  diluents,  illuminants,  and  impuri- 
ties. The  diluents  are  gases  which,  without  conferring 
much  luminosity  on  coal  gas  when  bmmt,  yet  serve 
the  important  purpose  of  diluting  down  the  heavy 
hydrocarbons,  which  by  themselves  would  yield  a 
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smoky  flame  ; they  constitute  about  90  per  cent,  by 
volume  of  the  coal  gas.  The  illuminants  are  hydro- 
carbon gases  or  vapours  rich  in  carbon,  and  to  their 
presence  the  luminosity  of  coal  gas  when  burnt  is  due- 
they  constitute  about  5 per  cent,  by  volume  of  the 
coal  gas.^  The  impurities  consist  of  nitrogen  derived 
from  a little  air  getting  into  the  retorts  when  opened 
for  the  purpose  of  recharging,  and  of  some  carbon 
dioxide,  ammonia,  and  traces  of  sulphur  compounds 
which  may  have  escaped  removal  in  the  purifiers. 

Composition  of  coal  g^ast — 


Diluents 


Illuminants 


Impurities 


(Hydrogen 
Methane  or  marsh  gas 
Carbonic  oxide 
^ Ethylene  or  olefiant  gas 
j Acetylene 
(.  Benzene  vapour 
’ Nitrogen 
Ammonia 

Carbon  disulphide  vapour,  etc. 
Carbon  dioxide 


] 


By  volume. 
52  per  cent. 


19 


Stkucture  of  Gas  or  Candle  Flame. 

or  candle  flame  consists  of  three  layers 
(Fig.  41)— an  outer  or  colourless  layer,  a,  consisting 
of  completely  burnt  gases;  a middle  or  luminous  layer 
B,  consisting  of  partially-burnt  gases,  and  containing 
floating  in  it  minute  particles  of  carbon ; and  aS 

inner  or  colourless  layer,  c,  consisting  of  unburnt 
gases. 

Taking  the  gas  flame  by  way  of  illustration,  in  the 
outer  layer  a,  both  the  hydrogen  and  the  carbon  of  the 
gaseous  constituents  are  completely  oxidised  by  the 
oxygen  of  the  air  to  water  and  carbon  dioxide ; to  the 
middle  layer,  b,  only  a limited  supply  of  oxygen  from 
the  air  can  gam  access,  most  of  it  being  used  up  in 
the  outer  layer ; the  hydrocarbons  are  therefore  only 
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partially  burnt,  and  some  particles  of  carbon  (or  dense 
hydrocarbon  vapours)  which  are  set  free  are  rendered 
incandescent  by  the  heat  of  the  flame,  and  so  emit  the 
white  light  to  which  the  luminosity  of  the  flame  is  due. 
The  presence  of  free  carbon  in  the  middle  layer 
can  be  demonstrated  by  inserting  a piece  of  white 
porcelain  into  the  flame,  when  the  carbon  is  deposited 
on  it  as  soot  or  lamp-black.  The  inner  layer  of  the 


pjg  41. — Structure  of  Gas  or  Candle  Flame. 

flame  must  necessarily  consist  of  unburnt  gas,  since  as 
there  is  insufficient  oxygen  reaching  the  niiddle  layer 
for  the  complete  combustion  of  its  constituents, 
can  gain  access  to  the  inner  layer.  If  air  is  introduced 
with  the  gas  from  within  the  flame,  as  in  the 
burner,  then  complete  combustion  of  both  the  hydro- 
gen and  the  carbon  of  the  gas  occurs,  and  the  result  is 

the  colourless  Bunsen  flame.  , . , • 

The  temperature  of  a gas  flame  is  very  high  in  an 
ordinary  flat  flame  burner,  about  1370°;  a Bunsen 
flame  is  about  1500°.  According  to  some  observers, 
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the  luminosity  of  a gas  flame  is  caused  by  the  decom- 
position of  the  ethylene  into  marsh  gas  and  carbon 
when  the  particles  of  the  latter  become  incandescent. 
Ihe  enormous  economy  in  the  consumption  of  gas 
effected  by  the  Welsbach  incandescent  burner  is  due 
to  the  fact  that  the  86  per  cent,  of  hydrogen  and 
marsh  gas,  which  in  an  ordinary  burner  produces 
practically  no  light,  is  utilised  in  the  incandescent 
burner  to  heat  up  and  thus  render  luminous  the 
infusible  mantle. 
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ALCOHOLS  AND  THEIR  DERIVATIVES. 


1.  Monoliydric  Alcohols : Methyl  Alcohol — Formaldehyde  IMethyl 
Compounds  — Ethyl  Alcohol  — Ethyl  Compounds  — Ether  — 
Aldehyde — Cliloral — Chloroform — Iodoform — Propyl  Alcohol 
— Butyl  Alcohol — Amyl  Alcohol.  2.  Dihydric  Alcohols ; Ethyl- 
ene Glycol.  3.  Trihydric  Alcohols : Glycerin. 

1.  MONOHYDRIC  ALCOHOLS. 

These  are  the  hydrates  of  the  univalent  hydro- 
carbon radicles,  and  therefore  contain  in  the  molecule 
only  one  hydroxyl  group.  They  are  therefore  analogous 
to  such  bodies  as  potassium  hydrate  (KHO),  etc.,  but 
they  differ  from  such  substances  in  having  very  feeble 
basic  properties;  they  do,  however,  combine  with 
acids  to  form  salts  or  esters,  as  CHgCl,  methyl  chloride, 
(CH3)2S04,  methyl  sulphate,  etc.,  just  as  potassium 
hydrate  combines  with  hydrochloric  acid  to  form 
potassium  chloride  and  water.  The  alcohols  of  prin- 
cipal medical  importance  are  those  containing  the 
radicles  homologous  with  methyl. 

The  principal  members  of  this  series  are  : 


Another  nomenclature  for  these  alcohols  is  that 
of  designating  methyl  alcohol  as  carhinol,  and  the 
alcohols*^  formed  by  successive  substitution  of  methyl, 
ethyl,  etc.,  for  an  atom  of  hydrogen  in  the  carbinol, 


Methyl 

Ethyl 

Propyl 

Butyl 

Amyl 


alcohol  CH3HO. 
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are  then  named  according  to  the  radicles  which  they 
contain.  Thus ; 


Carbinol  or  methyl  alcohol 
Methyl  carbinol  or  ethyl  alcohol 
Ethyl  carbinol  or  propyl  alcohol 
Propyl  carbinol  or  butyl  alcohol 
Butyl  carbinol  or  amyl  alcohol 


CII3.HO. 

CHo(CH3).HO. 

CH2(C2H,).H0. 

CH2(C3H;).H0. 

CH.(C4H9).I10. 


The  graphic  formula  of  butyl  alcohol  may  be 
constructed  in  three  different  ways,  according  as  the 
carbon  atom,  in  union  with  the  hydroxyl,  is  directly 
united  with  one,  two,  or  three  other  carbon  atoms. 
These  are  the  primary,  secondary,  and  tertiary  butyl 
alcohols.  Thus : 


H 

I 

H— C— H 
H— C— H 
H— C— H 
H— C_H 

I 

HO 

Primary  butyl  alcohol. 


H 

H— C— H 
H— C— H 

H3C— Lh 

HO 

Secondary  butyl  alcohol. 


CH, 

I 

H3C— C— CH3 
HO 

Tertiary  butyl  alcohol. 


These  three  alcohols  have  all  been  prepared.  The 
primary  alcohol  boils  at  117°,  the  secondary  at  100° 
the  tertiary  at  84°.  * 

Thus,  ^ pTinYicivy  alcohol  is  one  in  which  the  carbon 
atom  in  union  with  the  hydroxyl  is  only  directly 
united  with  onfi  other  carbon  atom  ] a SBcondcivy 
alcohol  is  one  in  which  the  carbon  atom  in  union  with 
the  hydroxyl  is  directly  united  with  ttoo  other  carb  on 
atoms  • a tertiary  alcohol  is  one  in  which  the  carbon 
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atom  in  union  with  the  hydroxyl  is  directly  united 
with  three  other  carbon  atoms. 

All  the  primary  alcohols  when  oxidised  form  first 
the  corresponding  aldehydes,  which  pass  into  the  fatty 
acid  containing  the  same  number  of  carbon  atoms. 


Thus,  methyl  alcohol 
formaldehyde,  and  then 


H 

CH,HO 
H “ 
COOH 


) forms 
^ formic  acid. 


H 

icon 


) 


A secondary  alcohol  when  oxidised  forms  a corre- 
sponding ketone,  whilst  a tertiary  alcohol  on  oxidation 
splits  up  into  a mixture  of  ketones  and  fatty  acids. 


Alcohols  of  the  (CuHon+i)  or 
Methyl  Series. 

METHYL  ALCOHOL  AND  METHYL’  COMPOUNDS. 

Methyl  alcohol  (CH3HO). — This  alcohol  may 
be  prepared  from  methane  or  marsh  gas  (CH^)  by 
acting  on  it  with  chlorine  to  form  methyl  chloride 
(CH3CI)  ; if  this  is  decomposed  with  moist  silver 
oxide,  methyl  alcohol  is  produced. 

2CH3CI  -h  AgoO  -f  H3O  = 2CH3HO  + 2AgCl 

Methyl  Silver  Water.  Methyl  Silver 

chloride.  oxide.  alcohol.  chloride. 

Methyl  alcohol  can  be  prepared  from  its  elements 
carbon,  hydrogen,  and  oxygen,  thus : Nitrogen  is 
passed  over  heated  carbon  in  the  presence  of  potassium 
hydrate,  when  potassium  cyanide  is  formed  ; by  dis- 
tillation with  dilute  sulphuric  acid  hydrocyanic  acid 
is  obtained.  This,  by  the  action  of  nascent  hydrogen, 


Methyl  Alcohol. 
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is  converted  into  methylamine,  which  by  the  action  of 
nitrous  acid  yields  methyl  alcohol.  . 


This  is  a very  important  synthesis,  because  from 
methyl  alcohol  we  can  ea.sily  obtain  potassium  methyl 
sulphate  (KCH^SO^),  and  by  heating  this  salt  with 
potassium  cyanide  we  form  methyl  cyanide ; this 
by  treatment  similar  to  the  above  yields  ethyl  alcohol, 
and  so  we  can  ascend  the  alcohol  series. 

Pure  methyl  alcohol  may  also  be  prepared  from  the 
oil  of  winter  green.,  which  is  pure  methyl  salicylate ; 
by  distilling  this  with  caustic  potash  or  soda  methyl 
alcohol  is  obtained.  Impure  methyl  alcohol,  commonly 
known  as  wood  spirit  or  wood  naphtha.,  is  obtained  by 
the  dry  or  destructive  distillation  of  wood  {see  page 
434) ; 10  per  cent,  of  this  wood  spirit  mixed  with 
rectified  spirit  formerly  constituted  the  m, ethylated 
spirit  of  commerce.  The  present  methylated  spirit 
contains  coal  tar  spirit,  which  renders  it  useless  for 
many  purposes  in  the  laboratory. 

Properties.— Methyl  alcohol  is  a colourless,  in- 
flammable liquid  {sp.  gr.  ‘796,  hoils  66°)  • it  produces 
carbon  dioxide  and  water  when  burnt.  In  the  pure 
state  it  is  free  from  the  disagreeable  smell  possessed  by 
wood  spirit.  Methyl  alcohol  is  converted  by  oxidation 
into  formaldehyde,  and  then  into  formic  acid;  this 
oxidation  may  be  effected  either  by  dropping  methyl 
alcohol  on  to  platinum  black,  the  occluded  oxygen 
of  which  oxidises  the  alcohol,  or  by  distillation  with 
potassium  bichromate  and  sulphuric  acid. 


CHoNHo  + NOOH 

O * 


CH.,HO  -f  N,  4-  H,0 


Methylamine.  Nitrous 


Methyl  Nitrogen.  Water, 
alcohol. 


acid. 


Methyl 

alcohol. 


Water. 


acid. 
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The  test  for  methyl  alcohol  is  to  convert  it  by  the 
last-mentioned  process  into  formic  acid  (for  the  detec- 
tion of  which  see  page  433). 


Form  aldehyde 


H 

COH 


is  known 


as  a gas  or  in 


solution,  and  is  a powerful  antiseptic  and  disinfectant. 
It  is  prepared  by  passing  air  saturated  with  the  vapour 
of  methyl  alcohol  tlirough  a red  hot  tube  containing 
spongy  platinum,  and  condensing  the  vapour,  which 
yields  a solution  containing  33  to  44  per  cent,  of  for- 
maldehyde. 

inetliyl  chloritle  (CII3CI). — This  may  be  pre- 
pared by  exposing  equal  volumes  of  n^ethane  and 
chlorine  to  sunlight  {see  page  388).  It  may  also  be 
prepared  by  the  action  of  phosphorous  chloride  on 
methyl  alcohol. 


3CH3HO  + PCI3  = 3OH3CI  -f  H3PO3 

Methyl  Phosphorous  Methyl  Phosphorous 

alcohol.  chloride.  chloride.  acid. 


Iflethyl  iodide  (CH3I). — This  is  prepared  by 
the  action  of  phosphorous  tri-iodide  on  methyl  alcohol. 


3CH3HO  + PI3  = 3CH3I  -f  H3PO3 

Methyl  Phosphorous  Methyl  Phosphorous 

alcohol.  iodide.  iodide.  acid. 


Methyl  oxide  or  methyl  ether  ((0113)20). — 
This  is  prepared  by  heating  a mixture  of  equal  volumes 
of  methyl  alcohol  and  strong  sulphuric  acid,  when  it 
passes  over  as  a colourless  gas. 

Methyl  sulphuric  acid  (HCII3SOJ. — This  is 
prepared  by  the  action  of  sulphuric  acid  on  methyl 
alcohol,  with  moderate  heat. 

Diniethyl-hetone  or  acetone  (OII3  — CO  — 
CH3). — This  ketone  is  prepared  by  the  action  of  dry 
heat  on  any  metallic  acetate. 
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^NaC.HgOg  = Na,C03  + CH3  - CO  - CH3 

Sodium  Sodium  Acetone, 

acetate.  carbonate. 

It  may  also  be  prepared  by  the  action  of  sodium 
methide  on  carbonyl  chloride. 

Cl  - CO  - Cl  + 2NaCHg  = 2NaCl  + CH3  - CO  - CHg 

Carbonyl  Sodiiun  Sodium  Acetone. 

cliloride.  metliide.  chloride. 

By  the  action  of  metallic  sodium  upon  methyl 
alcohol,  it  is  found  that  only  one  atom  of  hydrogen 
can  be  replaced  by  sodium.  We  therefore  conclude 
that  one  of  the  atoms  of  hydrogen  is  differently  com- 
bined to  the  other  three.  Again,  methyl  alcohol  is 
produced  by  the  action  of  potash  upon  methyl 
chloride  (CH3CI).  Now,  in  this  last  substance  the 
three  atoms  of  hydrogen  must  be  combined  with  the 
atom  of  carbon,  so  we  conclude  that  they  are  similarly 
combined  in  methyl  alcohol,  and  we  write  the  formula 
CH3HO.  This  is  confirmed  by  the  action  of  phos- 
phorus pentachloride,  which  replaces  one  hydroxyl 
group  (which  presumably,  therefore,  exists  as  such) 
by  chlorine. 

Ethyl  Alcohol  and  Ethyl  Compounds. 

Ethyl  alcohol  (CgH^HO).— This  constitutes  the 
ordinary  alcohol  of  commerce  as  contained  in  proof 
spirit,  rectified  spirit,  absolute  alcohol,  wines,  and 
beers.  It  may  be  prepared  by  a synthetical  process, 
which  is  of  interest  as  showing  the  building  up  of  the 
alcohol  from  its  elements.  To  effect  this,  acetylene  is 
first  prepared  by  direct  union  of  its  elements,  by  the 
production  of  the  electric  arc  in  an  atmosphere  of 
hydrogen ; the  acetylene  (CgHg)  is  then  converted 
into  ethylene  by  nascent  hydrogen  (sodium  amalgam). 

Acetylene.  Hydrogen.  Ethylene. 
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The  ethylene  is  then  agitated  with  strong  sulphuric 
acid,  which  converts  it  into  ethyl  sulphuric  acid. 

+ H3SO,  = HC,H.SO, 

Ethylene.  Sulphuric  Ethyl  sulphuric 

acid.  acid. 


The  ethyl  sulphuric  acid,  if  distilled  with  water, 
yields  ethyl  alcohol  as  a distillate. 

HC^HgSO^  + H2O  = C0H5HO  + HoSO^ 

Ethyl  sulphuric  Water.  Ethyl  Sulphuric 

acid.  alcohol.  acid. 


The  various  forms  of  ethyl  alcohol  met  with  in 
commerce  are  obtained  by  the  fermentation  of  sugar 
under  the  influence  of  the  yeast.  If  a solution  of 
ordinary  sugar  (CjoIIgoO^i)  is  mixed  with  yeast,  and 
the  mixture  kept  in  a covered  vessel  in  a warm  place, 
the  cane  sugar  is  first  converted  into  glucose. 

^12^22^11  ^2^  = ^^6^12^6 

Cane  sugar.  Water.  Glucose. 

The  glucose  is  then  decomposed,  by  the  fermentative 
action  of  tie  yeast,  into  alcohol  and  carbon  dioxide, 
small  quantities  of  other  bodies  (such  as  glycerin, 
succinic  acid,  etc.)  also  being  produced. 

^6^12^6  “ 2CoHgO  + SCOg 

Glucose.  Ethyl  Carbon 

alcohol.  dioxide 

When  the  fermentative  process  is  finished,  the 
alcohol  is  obtained  in  a weak  state  from  the  mixture 
by  distillation.  This  weak  spirit  is  then  strengthened 
by  the  process  known  as  fractional  distillation,  which 
consists  in  distilling  it  in  portions,  the  greater  quantity 
of  the  alcohol  being  contained  in  the  first  distillate. 
It  is  not  possible  to  remove  all  the  water  by  the 
process  of  fractional  distillation  ; the  strongest  spirit 
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that  can  he  so  obtained  is  rectified  spirit,  which 
contains  10  per  cent,  of  water.  To  prepare  absolute 
alcohol  from  this,  that  is,  alcohol  quite  free  from 
water,  the  rectified  spirit  is  mixed  with  freshly-burnt 
lime,  and  allowed  to  stand  for  some  hours  in  a closed 
vessel.  The  lime  unites  with  the  water,  forming 
slaked  lime,  and  the  pure  or  absolute  alcohol  can  then 
be  obtained  by  distillation.  In  the  preparation  of  malt 
alcoholic  liquors  (beer,  stout,  and  porter),  the  starch 
contained  in  barley  is  converted  by  a ferment  diastase, 
which  exists  in  the  barley  grain,  into  a mixture  of 
dextrin  and  a form  of  sugar  known  as  maltose ; the 
latter  is  extracted  with  hot  water,  and  the  solution, 
when  sufficiently  cold,  fermented  with  yeast.  Maltose, 
unlike  cane  sugar,  is  directly  converted  by  yeast  into 
alcohol  and  carbon  dioxide. 

Properties. — Ethyl  alcohol  is  a colourless  liquid 
with  a faint,  pleasant  smell,  and  is  readily  inflammable, 
producing,  when  burnt,  carbon  dioxide  and  water. 
Proof  spirit  contains  49  parts  by  weight  of  alcohol  in 
100  volumes,  and  is  of  sp.  gr.  0*920.  Rectified  spirit 
contains  90  parts  by  volume  in  100  volumes  of  alcohol, 
and  is  of  sp.  gr.  0*834.  Absolute  alcohol  contains  no 
water,  and  is  of  sp.  gr.  0*793,  boils  at  78*4°.  The 
various  wines  and  beers  met  with  in  commerce  contain 
different  amounts  of  alcohol,  as  shown  in  the  following 


...  From  36  to  60  per  cent,  by  volume. 

\ 

..  About  18  per  cent.  „ „ 

...  About  12  per  cent.  „ „ 

...  From  10  to  12  per  cent.  ,,  „ 

...  From  3 to  6 per  cent.  ,,  ,, 


table  ; 


Brandy  ] 
Gin  I 
Whisk}’  ) 
Port  ) 
Sherry  ) 
Champagne 
Claret  i 
Hock  1 
Beer 


The  strength  of  alcoholic  beverages  is  expressed 
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by  the  excise  as  under  or  over  proof  ‘ 25  over  proof 
means  that  100  volumes  of  the  spirit  will  make  125 
volumes  of  proof  spirit;  25  under  proof  indicates  that 
100  volumes  of  the  fluid  contain  75  volumes  of  proof 
spirit. 

By  the  oxidation  of  alcohol  two  bodies  are 
obtained,  according  to  the  strength  of  the  oxidising 
agent  employed.  If  the  oxidising  agent  be  a weak 
one,  acetic  aldehyde  (Cgll^O)  is  produced.  If  the 
oxidising  agent  be  a strong  one,  acetic  acid  (CgH^Og) 
is  produced.  Thus,  by  distilling  ethyl  alcohol  with 
manganese  dioxide  and  sulphuric  acid,  acetic  aldehyde 
is  formed,  the  action  of  this  weak  oxidising  mixture 
being  merely  to  abstract  two  atoms  of  hydrogen  from 
the  alcohol  molecule. 

I CHjHO  + 'J  - I COH  + 

Ethyl  Oxygen.  Acetic  Water, 

alcohol.  aldehyde. 

If  the  alcohol  be  distilled  with  potassium  bichro- 
mate and  sulphuric  acid,  an  atom  of  oxygen  is  intro- 
duced and  acetic  acid  formed. 

jCH,  Q _ (CH,  , HO 

I CHjHO  + ^2  - I COOH  + ^2^ 

Ethyl  Oxygen.  Acetic  Water. 

alcohol.  acid. 

The  metals  potassium  and  sodium  act  on  ethyl 
alcohol,  displacing  one  atom  of  hydrogen  from  the 
molecule,  and  forming  respectively  potassium  ethylate 
(CgH-KO)  and  sodium  ethylate  (CoH-NaO),  the  latter 
being  sometimes  employed  as  a caustic. 

If  chlorine  gas  be  passed  into  rectified  spirit, 
a variety  of  bodies  may  be  produced  : 

(i)  Aldehyde  may  be  formed  by  the  direct  with- 
drawal of  hydrogen  by  the  chlorine. 
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{ ChIhO  + CI3  - I + 2HC1 

Ethyl  Chloriue.  Acetic  Hydrochloric 

alcohol  aldeliyde.  acid. 

(ii)  Chloral  raay  be  formed  by  the  further  action 
of  the  chlorine  on  this  aldehyde. 

{cofi  + = {cofe  + 3HC1 

Acetic  Chlorine.  Chloral.  Hydrochloric 

aldehyde.  acid. 

(iii)  Ethyl  chloride  may  be  formed  by  the  action 

of  the  hydrochloric  acid,  produced  in  the  former 
reactions,  upon  some  of  the  undecomposed  alcohol. 

C2H5HO  4-  HCl  = C2H5CI  + H2O 

Ethyl  Hydrochloric  Ethyl  Water, 

alcohol.  acid.  chloride. 


(iv)  Acetic  acid  may  be  produced  by  the  oxida- 
tion of  some  of  the  alcohol  by  oxygen,  this  gas  being 
liberated  by  the  action  of  chlorine  on  the  water  con- 
tained in  the  rectified  spirit. 

{ CHjHO  + = I Co6h 

Ethyl  Oxygen.  Acetic  Water, 

alcoliol.  acid. 

(v)  Finally,  ethyl  acetate  or  acetic  ether  may  be 
formed  by  the  action  of  the  acetic  acid,  produced  in 
the  former  reaction,  upon  some  undecomposed  alcohol. 

C2H5HO  -I-  HC2H3O2  = C2H5C2H3O2  + H2O 
Ethyl  Acetic  Ethyl  acetate.  Water, 

alcohol.  acid. 


Ethyl  Compounds. 

£fhyl  chloride  (C^H^Cl).  — This  is  prepared 
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by  the  action  of  phosphorus  trichloride  on  ethyl 
alcohol. 

3C2H5HO  + PCI3  ==  3C2H5CI  + H3PO3 

Ethyl  Phosphorus  Ethyl  Phosphorous 

alcohol.  trichloride.  chloride.  acid. 

The  presence  of  about  *25  per  cent,  of  this  sub- 
stance seems  to  improve  the  anaesthetic  action  of  pure 
chloroform. 

Etliyl  iodide  (C2H-I). — This  can  be  prepared 
by  the  action  of  pliosphorus  tri-iodide  on  ethyl  alcohol. 

3C2H5HO  -f-  PI3  = 3C2H5I  -f  H3PO3 

Ethyl  Phosphorus  Ethyl  Phosphorous 

alcohol.  tri-iodide.  iodide.  acid. 

As  a rule,  the  iodide  is  made  by  the  direct  action 
of  phosphorus  and  iodine  on  the  alcohol  : 100  grammes 
of  iodine  are  added  gradually  to  50  grammes  of  alcohol 
and  10  grammes  of  amorphous  phosphorus,  the  mixture 
allowed  to  stand,  and  then  distilled.  The  distillate  is 
shaken  with  dilute  potassium  hydrate,  washed,  dried 
by  standing  over  fused  calcium  chloride,  and  finally 
redistilled ; it  is  a colourless  liquid  boiling  at  72°. 

Etliyl  ether  ((02115)20). — This  is  commonly 
known  as  ether  or  sulphuric  ether.  It  is  the  oxide  of 
ethyl,  but  the  process  for  its  preparation  will  be 
rendered  more  intelligible  by  regarding  it  as  ethyl 
alcohol  partially  dehydrated.  Thus,  if  from  two 
molecules  of  ethyl  alcohol  one  molecule  of  water  be 
abstracted,  ether  is  obtained. 

2C2H5HO  — H2O  = (C2H5)20 

Ethyl  Water.  Ethyl 

alcohol.  ether. 

The  process  for  preparing  ether  on  a commercial 
scale,  which  is  known  as  the  continuous  etherificor 
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tion  process,  consists  in  partially  dehydrating  ether 
alcohol  by  means  of  strong  sulphuric  acid.  This  pro- 
cess is  carried  out  (Fig.  42)  by  distilling  a mixture  of 
sulphuric  acid  and  rectified  spirit,  the  latter  being  in 
excess.  The  ether,  as  it  is  formed,  distils  over,  the  sul- 
phuric acid  remaining  in  the  retort,  and  therefore,  to 
prevent  the  sulphuric  acid  from  being  in  excess,  it  is 


Fig.  42.  Apparatus  for  the  Continuous  Ether  Process. 


necessary  that  as  fast  as  the  ether  distils  over,  more 
alcohol  should  be  run  into  the  retort,  so  that  the 
temperature  of  the  boiling  mixture  remains  between 
140  and  145  . If  this  is  effected  the  process  becomes 
a continuous  one  ] hence  its  name.  The  sulphuric 
acid  does  not  directly  withdraw  the  water  from  the 
alcohol,  but  indirectly,  in  the  two  following  stages  ; 
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(i)  The  sulphuric  acid  first  forms  with  the 
alcohol,  hydrogen  ethylsulphate  (sulphovinic  acid  or 
ethyls ulphuric  acid). 

C2H5HO  + H2SO4  = HC2H5SO4  + H2O 

Ethyl  Sulphuric  Hydrogen  Water, 

alcohol.  acid.  ethylsulphate. 

(ii)  This  ethylsulphuric  acid  then  reacts  with  more 
alcohol,  forming  ether  and  sulphuric  acid. 

C2H5HO  + HCjH^SO,  = (CjH5)20  + H,SO, 

Ethyl  Hydrogen  Ether.  Sulphuric 

alcohol.  ethylsulphate.  acid. 

It  is  essential,  for  the  production  of  ether  by  this 
process,  that  the  alcohol  should  be  kept  in  excess ; 
otherwise,  if  the  sulphuric  acid  become  in  excess,  it 
will  completely  dehydrate  the  alcohol,  forming  ethy- 
lene or  olefiant  gas. 

CgHgO  — H2O  = C2H4 

Ethyl  Water  Ethylene, 

alcohol. 

* 

Properties  of  ether.- -The  ether  obtained  by 
the  process  just  given  contains  about  8 per  cent,  of 
alcohol,  from  which  it  can  be  purified  by  agitating 
with  water;  on  standing,  the  ether  rises  to  the 
surface  of  the  water,  leaving  the  alcohol  in  solution  ; 
the  ether  is  then  removed  from  the  surface  of  the 
water,  and  distilled  with  some  freshly-made  quicklime 
to  free  it  from  the  little  water  that  it  contains. 

Pure  ether  is  a colourless,  transparent,  very  mobile 
liquid,  with  a characteristic  fragrant  smell,  and  ex- 
tremely volatile.  Its  specific  gravity  is  0-720  ; it  boils 
at  35°.  It  is  very  combustible,  producing  carbon 
dioxide  and  water  when  burnt.  When  dropped  on 
the  hand  it  occasions  a sharp  sensation  of  cold  from 
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its  rapid  evaporation.  Ether  is  miscible  with  alcohol 
in  all  proportions,  but  in  water  it  is  soluble  only  to  a 
very  small  extent.  It  dissolves  many  fats,  oils,  resins 
and  alkaloids. 

Ethyl  nitrite  or  nitrous  ether  (C.^HgNO.,), 
mixed  with  aldehyde,  alcohol  and  other  substanceV 
is  contained  in  Sweet  Spirits  of  Nitre  {Spiritus  (Btheris 
nitrosi,  B.  P.),  which  contains  2j  per  cent,  of  ethyl 
nitiite.  This  preparation  is  made  by  distilling  together 
rectified  spirit,  copper  turnings,  sulphuric  acid  and 

nitric  acid.  The  copper  reduces  the  nitric  acid  to 
nitrous  acid. 


HNO3  + Cu  = HNOg  -b  CuO 

-e  Copper.  Nitrous  Copper 

_ The  nitrous  acid  then  acts  upon  the  alcohol,  form- 
ing  nitrous  ether. 


CoH,HO 

Ethyl 

alcohol. 


+ HNOg 

Nitrous 

acid. 


Nitrous 

ftther. 


+ H.2O 

Water. 


The  preparation  of  nitrous  ether  by  this  process 

constitutes  a fairly  good  test  for  alcohol,  the  peculiar 

apple-hke  odour  of  nitrous  ether  being  readily  reco<^- 
nised.  J ts 

Ethyl  acetate  or  acetic  ether  ('Cr,H  C FT  O ^ 
-This  is  prepared  by  distilling  Rectified  spirit  '>^th 
sodium  acetate  and  sulphuric  acid.  The  two  latter 
bodies  set  free  acetic  acid,  which  then  acts  upon  the 
alcohol  producing  acetic  ether. 


affl.  ^ 


+ HgO 

Water. 


Acetic  ether  is  a colourless  liquid  boiling  at  77° ; it 
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has  an  agreeable  fruity  odour.  Its  formation  by  heat- 
ing sulphuric  acid  with  alcohol  and  an  acetate  is  often 
used  as  a test  for  an  acetate. 

Hydrog:cii  ethyl  sulphate  or  sulphovinic 
acid  (HCgHgSO^)  is  prepared  by  warming  a mixture 
of  equal  parts  of  ethyl  alcohol  and  sulphuric  acid. 

C2H5HO  -f  H2SO4  = HC2H5SO4  -h  H2O 

Ethyl  Sulphuric  Sulphethylic  Water. 

alcohol.  acid.  acid. 

It  can  also  be  prepared  by  heating  ethylene  with 
strong  sulphuric  acid. 

It  is  a thick  sour  liquid  ; when  boiled  with  water 
it  yields  alcohol,  heated  with  alcohol  it  gives  ether, 
heated  alone  it  yields  ethylene. 

Ethyl  hydrosulphide  or  ethyl-mercaptau 
(C2H5HS). — This  is  prepared  by  distilling  a mixture 
of  potassium  hydrosulphide  and  calcium  ethyl 
sulphate. 

Ca(C2H5SOj2  + 2KHS  = 2C2H5HS  + 

Calcium  Potassium  Ethyl 

ethylsulphate.  hydrosulphide.  mercaptan, 

CaSO^  + KoSO^ 

Calcium  Potassium 

sulphate.  sulphate. 


It  is  a liquid  with  an  extremely  unpleasant 
nauseating  odour. 

Acetic  aldehyde  or  ordinary  aldehyde 


( {c?h) — prepared — 

(i)  By  the  oxidation  of  ethyl  alcohol  by  means  of 
manganese  dioxide  and  sulphuric  acid. 


2MnOo  + 2H2SO4.  = 2MnS04  + 2HoO  + O2 

Manganese  Sulphuric  Manganous  Water.  Oxygen, 

dioxide.  acid.  sulphate. 
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" { CH2HO  + ^2  = 2 1 + 2HoO 

Etliyl  Oxygen.  Aldehyde.  Water, 

alcohol. 

(ii)  By  the  action  of  chlorine  upon  a mixture  of 
ethyl  alcohol  and  water,  the  chlorine  uniting  with  the 
hydrogen  of  the  water,  the  oxygen  of  which  oxidises 
the  alcohol  to  aldehyde. 


2aHgO  + 02=  2C0H4O  + 2H2O 

Ethyl  Oxygen.  Aldehyde.  Water, 

alcohol. 


Properties. — Aldehyde  is  a colourless  liquid 
with  a peculiar  smell,  boils  at  20 ‘8°,  and  is  very 
inflammable.  Its  name  is  derived  from  an  abbrevia- 
tion of  the  expression  alcohol  dehydrogenated,  as  it  is 
alcohol  deprived  of  part  of  its  hydrogen.  By  exposure 
to  the  air  it  absorbs  oxygen  and  becomes  converted 
into  acetic  acid ; reducing  agents  convert  it  into 
alcohol.  Chlorine  acts  upon  it,  forming  chloral  (see 
below).  Acted  upon  by  phosphorus  pentachloride,  the 
oxygen  atom  is  replaced  by  two  atoms  of  chlorine. 
A polymeric  modification  of  it,  viz.  paraldehyde 
(CgHioOg),  is  prepared  by  adding  a few  drops  of 
concentrated  sulphuric  acid  to  aldehyde,  when  the 
liquid  becomes  hot,  and,  on  cooling,  crystals  of  paral- 
dehyde form.  When  warmed  with  potassium  hydrate 
aldehyde  is  converted  into  a solid  brown  mass  (aldehyde 
resin).  Aldehyde  is  a powerful  reducing  substance, 
precipitating  silver  in  the  metallic  state  from  ammo- 
niacal  solution  of  silver  nitrate.  It  combines  with 
free  ammonia  to  form  colourless  crystals  of  aldehyde 
ammonia  (CHg,  COH,  NHg),  which  are  decomposed 
by  acids,  liberating  aldehyde. 
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This  body  constitutes  wbat  is  commonly  known  as 
chloral,  the  hydrate  of  which  is  chloral  hydrate.,  a 
substance  largely  used  in  medicine  as  a hypnotic 
Chloral  is  prepared  by  the  prolonged  action  of  chlorine 
upon  absolute  alcohol.  The  reaction  may,  for  the 
sake  of  simplicity,  be  regarded  as  taking  place  in  the 
two  following  stages : 

(i)  Chlorine  first  converts  the  alcohol  into 
aldehyde. 

{cHjHO  + = {cOH 

Ethyl  Chlorine.  Aldehyde.  Hydrochloric 

alcohol.  acid. 


(ii)  The  chlorine  then  acts  upon  the  aldehyde, 
abstracting  three-fourths  of  the  hydrogen,  replacing 
it  by  chlorine,  and  so  producing  chloral. 

{coll  + = {cot  + 3HC1 

Aldehyde.  Chlorine.  Chloral.  Hydrochloric 

acid. 


Properties. — Chloral  is  a heavy  liquid,  with  an 
extremely  pungent,  irritating  odour.  It  is  converted 
by  the  action  of  alkalies  into  chloroform  and  a formate 
of  the  alkali  metal.  Thus,  with  caustic  potash  it 
yields  chloroform  and  potassium  formate. 

C^HCloO  + KHO  = CHCI3  + KCHOo 

Chloral.  Caustic  Chloroform.  Potassium 

potash . formate. 

With  slaked  lime  it  yields  chloroform  and  calcium 
formate. 


2C2HCI3O 

Chloral. 


+ Ca(HO).,  = 2CHCI3  -f  Ca(CHOo)2 

Slaked  “ Chloroform.  Calcium" 

lime.  formate. 
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Just  as  aldehyde  is  oxidised  by  nitric  acid  to  acetic 
acid,  so  chloral  or  trichloraldehyde  is  oxidised  by 
nitric  acid  to  trichloracetic  acid,  thus  : 


2 i 

(CH3 

\ COH 

+ 

II 

0 

9 ICH3 

) COOH 

Aldehyde. 

Oxygen. 

Acetic 

acid. 

^ CCI3 
COH 

+ 

II 

0 

COOH 

Chloral. 

Oxygen. 

Trichloracetic 

acid. 

Chloral,  when  mixed  with  water,  produces  a 
crystalline  mass  of  chloral  hydrate. 

Chloral  hydrate ^C2HCl30,  H2O,  jj)* 

— This  body,  as  previously  mentioned,  is  prepared  by 
the  action  of  water  on  chloral.  It  is  a white  crystal- 
line solid,  with  a very  faint  odour  of  the  liquid  chloral 
attached  to  it.  It  is  largely  used  in  medicine  as  a 
hypnotic,  and  has  been  stated  to  be  decomposed  by 
the  sodium  carbonate  of  the  blood  into  chloroform, 
though  it  is  very  doubtful  whether  such  a decom- 
position takes  place. 

Chloral  hydrate  is  decomposed  by  contact  with 
caustic  alkalies  into  chloroform  and  formate  of  the 
alkali  metal.  Chloral  hydrate  is  therefore  incom- 
patible with  alkalies,  and  should  never  be  prescribed 
with  them  in  medicine. 

Chloroform  (CHCI3). — This  body  is  actually  a 
derivative  of  methane  (CH^),  from  which  it  may  be 
obtained  by  the  action  of  chlorine  {see  page  388);  but 
since  all  the  chloroform  of  commerce  is  prepared  by 
the  decomposition  of  chloral,  it  is  more  convenient 
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to  describe  its  preparation  in  the  present  section.  Chloro- 
form, on  the  commercial  scale,  is  prepared  by  distilling 
a mixture  of  alcohol  or  acetone,  water,  chlorinated  lime 
(bleaching  powder),  and  slaked  lime.  The  formation  of 
chloroform  takes  place  in  the  three  following  stages : 

(i)  Some  of  the  oxygen  of  the  chlorinated  lime 
(CaClo,  CaCloOg)  oxidises  the  alcohol  to  aldehyde. 

{ CHoHO  + 0 = 1 + HjO 

Ethyl  Oxygen.  Aldehyde.  Water, 

alcoliol. 

(ii)  The  aldehyde  is  then  converted,  by  some  of 
the  chlorine  of  the  chlorinated  lime,  into  chloral. 

{ COH  = I CQH  + 3HC1 

Aldehyde.  Chlorine.  Chloral.  Hydrochloric 

acid. 

(iii)  The  chloral  is  then  decomposed  by  the  slaked 
lime  into  chloroform  and  calcium  formate,  the  chloro- 
form distilling  over. 

2C2HCI3O  + Ca(H0)2  = 2CHCI3  + Ca(CH0„)2 

Chloral.  Slaked  Chloroform.  Calcium 

formate. 

Properties  of  chloroform. — The  sp.  gr.  of 

chloroform  is  1 "5.  The  medicinal  chloroform  contains 
a minute  amount  of  alcohol,  and  is  of  sp.  gr.  T497; 
it  boils  at  61°.  It  is  a thin  colourless  liquid,  wdth  a 
sweetish  taste  and  a pleasant  characteristic  odour.  It 
is  readily  soluble  in  alcohol  and  ether,  and  slightly  so 
in  water  (Aqua  chloroformi).  It  is  difficult  to  kindle 
and  burns  with  a greenish  smoky  flame.  When 
allowed  to  stand  exposed  to  light  and  air  it  takes  up 
an  atom  of  oxygen,  forming  the  poisonous  phosgene 
gas  (COCI2)  and  HCl. 
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Iodoform  (CHI3). — This  body  is  analogous  in 
constitution  to  chloroform.  It  is  prepared  by  warming 
together  sodium  carbonate,  alcohol,  water,  and  iodine. 


C.H-HO 

Alcohol. 


+ 81  + SNasCOg  = CHI3  + 

Iodine.  Sodium  Iodoform, 

carbonate. 


P 

\ COOK 

Potassium 

formate. 


+ 5KI 

Potassium 

iodide. 


+ 2H2O 

Water. 


+ 3CO2 

Carbon 

dioxide. 


The  production  of  iodoform  constitutes  a very  delicate 
test  for  alcohol.  Iodoform  occurs  in  yellow,  shiny 
scales,  almost  insoluble  in  water,  but  soluble  in 
alcohol  and  ether.  It  has  a characteristic  penetrating 
and  somewhat  unpleasant  smell. 

Butyl  chloral  (C^HjClsO,  or  | A 

hydrate  of  this  body  is  used  in  medicine  under  the 
name  of  croton  chloral^  which  was  the  original  name 
erroneously  applied  to  it.  It  is  a body  corresponding 
in  its  constitution  to  ordinary  chloral,  since  it  is 
trichlor-butyl-aldehyde,  that  is,  it  is  butyl  aldehyde 
(C^HgO),  from  the  molecule  of  which  three  atoms  of 
hydrogen  have  been  displaced  by  three  atoms  of 
chlorine.  It  is  a product  of  the  action  of  dry  chlo- 
rine on  ordinary  aldehyde  in  the  cold.  Its  hydrate 
(C4H5CI3O,  HgO)  i^Butyl  chloral  hydras)  is  the 
ordinary  croton  chloral  used  in  medicine. 


Amyl  Alcohol. 

Amyl  alcoliol  (CgH^iHO).— Eight  isomerides 
of  this  body  (which  derives  its  name  from  amylum 
— starch)  can  theoretically  exist.  Two  of  these  are 
found  in  the  fusel  oil  obtained  in  the  preparation  of 
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ordinary  alcohol  from  the  different  forms  of  starch. 
They  are  also  contained  in  crude  or  raw  whisky,  but 
the  sugar  obtained  from  potato  starch  yields  a more 
considerable  amount,  and  hence  this  alcohol  is  some- 
times called  potato  oil. 

Properties. — Commercial  amyl  alcohol  is  an  oily 
colourless  liquid  having  a peculiar  unpleasant  odour. 
It  is  not  appreciably  soluble  in  water,  but  floats  on  the 
surface  of  it  like  an  oil ; hence  its  name  fusel  oil. 
When  oxidised  it  yields  valerianic  acid. 

Amyl  nitrite  (C5H3]]Sr02). — This  compound  is 
prepared  by  a process  similar  to  that  employed  in  the 
preparation  of  ethyl  nitrite,  namely,  by  distilling  a 
mixture  of  amyl  alcohol,  copper  turnings,  sulphuric 
and  nitric  acids. 

Amyl  acetate  (C5Hi;iC2H302). — This  substance 
is  prepared  by  distilling  amyl  alcohol  with  sodium 
acetate  and  sulphuric  acid.  It  constitutes  the  jar- 
gonelle-pear essence. 

2.  DIHYDRIC  ALCOHOLS. 

These  are  hydrates  of  the  bivalent  hydrocarbon 
radicles,  and  therefore  contain  two  groups  of 
hydroxyl  in  the  molecule.  Several  of  them  exist 
under  the  name  of  glycols,  so  named  from  their  sweet 
taste,  but  as  they  are  of  no  importance  in  medicine, 
a brief  description  of  one  of  them  only  will  be  given 
here. 

Etliylene  glycol  (C2H^(HO)2).— This  is  pre- 
pared by  acting  on  ethylene  with  bromine  to  form 
ethylene  dibromide  (C2H^Br2),  and  then  decomposing 
with  moist  silver  oxide. 

C2H^Br2  -h  Ag20  -I-  H.O  = C2H,(HO)2  + 2AgBr 

Ethylene  Silver  Water.  Glycol.  Silver 

dibromide.  oxide,  bromide. 
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3.  TRIHYDRIC  ALCOHOLS. 

These  are  the  hydrates  of  the  trivalent  hydro- 
carbon radicles,  and  therefore  contain  in  the  molecule 
three  hydroxyl  groups.  Only  one  of  them  is  em- 
ployed in  medicine,  viz.  glycerin. 

Olycci’iii  or  glycery®  liyds’ate  (C3H5(HO)3). 
— Most  fats  and  oils  are  compounds  of  the  trivalent 
radicle  glyceryl  (C3H5)  with  the  higher  fatty  acids. 
When  these  fats  and  oils  are  saponified  by  boiling 
with  caustic  soda,  the  radicle  glyceryl,  displaced  by 
the  sodium,  combines  with  three  hydroxyl  groups  to 
form  glycerin  (C3H5(HO)3),  whilst  the  sodium  com- 
bines with  the  radicle  of  the  fatty  acid  to  form  a soap, 
thus  : 

^3^^o(^i8^33^2)3  + 3NaHO  = 3NaC^gH3302  -f- 

Glyceryl  Sodium  Sodium 

oleate.  hydrate,  oleate. 

C3H,(H0)3 

Glycerin. 

Glycerin  is  more  conveniently  prepared  by  decom- 
posing melted  suet  (glyceryl  stearate)  by  means  of 
superheated  steam,  when  the  glycerin  and  stearic 
acid  are  carried  over  in  the  current  of  steam,  the 
stearic  acid  setting  to  a solid,  and  the  glycerin, 
diluted  with  the  condensed  ster.m,  being  obtained  as 
a liquid. 

C3H5(C,8H3502)3  + 3H,0  = 3HG,3H3,0,  + 

Glyceryl  Water.  Stenric 

stearate.  acid. 

C3H,(H0)3 

Glycerin. 

Properties  of  g^lyceriii, — Glycerin  is  a colour- 
less and  very  viscid  liquid  of  sp.  gr.  1*27,  boils  290°. 
It  has  a very  sweet  taste  and  mixes  with  water  in  all 
proportions.  When  heated  by  itself  or  with  bisulphate 
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of  potash  (HKSO4)  it  decomposes,  losing  the  elements 
of  water  and  yielding  a substance  acrolein  (CgH^O), 
which  has  an  intensely  pungent  odour. 

Glycerin  treated  with  a mixture  of  strong  nitric 
and  sulphuric  acids,  forms  nitro-glycerin  (C3H-(N03)3), 
a heavy  oily  liquid,  which  produc  s by  percussion  a 
terrible  explosion ; in  its  liquid  form  it  is  very  dangerous 
to  handle,  and  is,  therefore,  for  blasting  and  other 
purposes,  made  into  dynamite^  which  consists  of 
porous  silica,  in  the  form  of  infusorial  earth,  saturated 
with  nitro-glycerin.  Ordinary  dynamite  usually  con- 
sists of  75  parts  of  nitro-glycerin  and  25  parts  of 
silica.  Tablets  of  chocolate  containing  ^ 

grain  of  nitro-glycerin  are  used  in  medicine  [Tahellce 
Trinitrini). 

When  oxidised  with  ordinary  nitric  acid  glycerin 
yields  glyceric  acid,  a non-explosive  substance 

( CH2HO 

{ CHHO. 

(COOH 
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CHAPTER  VII. 

POLYHYDRIC  ALCOHOLS — CARBOHYDRATES. 

Mannite— Starch— Glycogen— Dextrin— Cellulose— Cane  Sugar- 
Milk  Sugar— Maltose— Glucose— Lsevulose— Galactose. 


The  polyhydric  alcohols  have  become,  of  late  years, 
of  great  theoretical  importance,  in  consequence  of 
their  close  connection  with  glucose,  Isevulose,  and  other 
sugars.  The  most  interesting  in  this  connection  is 


Mannite  or 
Mannitol 


(■ 


)6>^» 


' I CHgHO 

jgHHO).  cH^ho,, 

a hexhydric  alcohol  found  in  manna,  the  dried  sap  of 
a species  of  ash ; it  is  colourless,  crystalline  and  very 
sweet ; it  can  be  formed  artificially  by  reducing  grape 


sugar  with  sodium  amalgam. 


The  Carbohydrates. 

These  substances  owe  their  name  to  the  old  idea 
that  they  were  hydrates  of  carbon;  they  are  really 
various  compounds  of  carbon,  hydrogen,  and  oxygen, 
in  which  the  atoms  of  hydrogen  are  twice  as  numerous 
as  the  atoms  of  oxygen.  They  can  be  conveniently 
divided  into  three  chief  groups — 

I* — The  amyloses  or  polysaccharoses — 

Starch ; Dextrin ; Cellulose ; having  the 
formula  (CgHjoCg),. 

TI. — The  disaccharoses — 

Cane  sugar  ; Milk  sugar ; Maltose ; having  the 
formula  ^ 
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III, — The  glucoses  or  monoses — 

Glucose,  dextrose  or  grape  sugar ; Lscvulose  or 
fruit  sugar ; Galactose ; having  the  formula 

CgHigOg.  ^ 

Starch  (CgH^gOg). — Starch  is  contained  in  certain 
roots,  seeds,  soft  stems,  potatoes,  and  various  grains, 
such  as  wheat,  maize,  etc.  Arrowroot  and  rice 
contain  considerable  quantities  of  starch.  Starch  is 
prepared  from  roots  or  seeds  by  crushing  them  and 
placing  them  upon  a sieve  or  strainer,  through  which 
water  is  flowing.  The  water  mechanically  carries  the 
starch  through  the  sieve,  leaving  flbrous  and  cellular 
substances  behind.  The  water  is  then  allowed  to 
stand,  and  the  starch  deposits  as  a white  sediment, 
from  which  the  water  is  poured  off,  and  which  is 
finally  dried.  Starch  may  be  prepared  from  wheat 
and  other  flours  by  placing  the  flour  in  a muslin 
or  calico  bag  and  wringing  it  out  several  times  with 
water,  when  the  starch  is  mechanically  carried  away 
by  the  water,  a sticky  substance,  gluten,  being  left  in 
the  bag. 

Properties  of  stareli — The  difierent  starches 
are  white  powders,  which,  when  examined  under  the 
microscope,  are  seen  to  consist  of  granules,  the 
granules  of  the  various  starches  differing  in  size  and 
shape.  Starch  is  insoluble  in  cold  water,  the  granules 
being  unaffected  by  it,  but  in  hot  vrater  the  granules 
break  up,  being  in  part  dissolved  and  in  part  remain- 
ing in  suspension,  forming  what  is  called  “ decoction 
or  mucilage  of  starch.”  Starch,  as  employed  for 
laundry  purposes,  is  coloured  a light-blue  with  indigo, 
which  is  introduced  in  order  to  neutralise  the  faint 
yellow  colour  of  recently-washed  linen.  If  a solution 
of  free  iodine  is  added  to  a cold  decoction  of  starch,  a 
dark-blue  colour,  due  to  a molecular  compound  of 
iodine  and  starch,  is  developed.  If  heat  be  applied 
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to  the  blue  liquid,  the  blue  colour  disappears,  owing 
to  the  dissociation  of  the  starch  and  iodine  by  the 
heat.  If  the  heat  be  quickly  withdrawn,  the  blue 
colour  reappears  on  cooling.  A solution  of  starch 
does  not  reduce  an  alkaline  copper  solution  when 
boiled  with  it.  If  starch  is  boiled  with  dilute  sul- 
phuric acid,  it  is  first  converted  into  dextrin  and 
then,  by  assimilation  of  water,  into  grape  sugar. 
Starch  is  also  converted  into  grape  sugar  under  the 
influence  of  certain  ferments,  such  as  ptyalin  in 
saliva,  the  pancreatic  ferments  in  pancreatic  juice,  etc. 
Diastase,  the  ferment  in  barley,  converts  starch  into 
a mixture  of  dextrin  and  maltose. 


-H  H^O 

starch.  Water. 


CeHioOj  + C,3H,,0„ 

Dextrin.  Maltose. 


This  is  the  first  step  in  brewing. 

Test  for  starcli. — The  blue  colour  produced  by 
a solution  of  free  iodine  constitutes  an  extremely 
delicate  test  for  starch. 

Olycojfen  (CgH^^O^).  — This  substance,  which  is 
an  isomer  of  starch,  is  found  in  the  livers  of  man  and 
animals.  It  is  prepared  by  finely  chopping  up  fresh 
liver  and  boiling  it  with  water,  which  dissolves  out 
the  glycogen  ; from  this  solution  it  is  precipitated  by 
the  addition  of  alcohol. 

®*top©ities  of  g'lycog'CBi* — Glycogen  is  a white 
powder,  soluble  in  water,  in  which  it  forms  an  opal- 
escent solution.  A solution  of  free  iodine  gives  a 
mahogany-brown  colour  to  a solution  of  glycogen ; it 
is  readily  converted  into  grape  sugar  Vjy  contact  with 
certain  ferments. 

Dextrin  (CgHjQOg). — This  substance  is  prepared 
froni  starch  either  by  baking  it  in  an  oven,  or  by 
boiling  it  with  dilute  sulphuric  acid,  or  by  the  action 
of  ferments  such  as  yeast  and  diastase  upon  it.  The 
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first-mentioned  method  is  the  best,  as  by  the  other 
methods  the  dextrin  is  quickly  converted  into  grape 
sugar. 

Properties  of  dextrin. — Dextrin  is  a whitish 
powder,  readily  soluble  in  cold  water,  in  which  it 
forms  a sticky  or  mucilaginous  solution.  It  is  com- 
monly employed  under  the  name  of  British  gum. 
Commercial  dextrin  gives  with  a solution  of  free 
iodine  a mahogany-brown  colour,  which  disappears  on 
the  application  of  heat,  and  does  not  reappear  on 
cooling,  thus  distinguishing  it  from  glycogen. 

Cellulose  (CgHjQOg)^. — This  substance  is  also 
called  lignin.  It  is  obtained  in  its  purest  form  as 
linen,  cotton,  cotton-wool,  Swedish  filter-paper,  etc. 
Cellulose  is  insoluble  in  both  cold  and  boiling  water. 

When  treated  with  solution  of  caustic  soda  cellu- 
lose undergoes  a marked  change,  shrinking,  etc. ; this 
treatment  is  known  as  mercerisation.  Mercerised 
cotton  is  largely  used  at  the  present  day  as  a substi- 
tute for  silk.  When  treated  with  nitric  acid  cellulose 
forms  nitrates ; the  two  which  are  most  important 
are — 

Pyroxylin  or  di-nitrocellulose  (CgHg(N03)203). — 
This  is  prepared  by  steeping  cellulose  in  a mixture  of 
sulphuric  and  nitric  acids,  the  strong  sulphuric  acid 
being  employed  to  absorb  the  water  produced  by  the 
action  of  the  nitric  acid  on  the  cellulose. 

CeHioOj  + 2HJSTO,  = + 2H.0 

Cellulose.  Nitric  acid.  Pyroxylin.  Water. 

This  substance,  dissolved  in  a mixture  of  alcohol  and 
ether,  constitutes  collodion^  which  is  employed  for 
producing  a covering  or  artificial  skin  to  abrasions, 
etc.,  of  the  skin. 

Gun  cotton,  or  tri-nitrocellulose  — 

This  substance  is  prepared  by  steeping  cellulose  in 
the  strongest  sulphuric  and  nitric  acids. 
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CeHioOj  + 3HNO.,  = C6H,(N03)302  + SH^O 

Cellulose.  Nitric  acid.  Gun-cotton.  Water. 

This  is  the  ordinary  gun-cotton  employed  for  blasting 
purposes  and  in  gun-cotton  cartridges.  It  is  an  ex- 
plosive, in  that  it  contains  sufficient  oxygen  for  the 
combustion  of  the  carbon  and  hydrogen  contained  in 
it.  It  produces,  when  exploded,  large  volumes  of  the 
two  oxides  of  carbon,  steam,  and  nitrogen  which  are, 
in  addition,  greatly  expanded  by  the  heat  produced 
by  the  chemical  decomposition.  It  is  the  sudden 
production  and  violent  expansion  of  these  gases  that 
cause  the  destruction  produced  by  gun-cotton  when 
exploded  with  a detonator ; it  is  a curious  fact  that 
if  gun-cotton  be  lighted  with  a match  it  burns  away 
rapidly  without  exploding.  It  requires  a detonation 
to  develop  its  destructive  force. 

If  a piece  of  white  filter  paper  be  dipped  in  a cold 
mixture  of  2 volumes  of  strong  sulphuric  acid  with 
1 volume  of  water  for  a few  minutes,  and  then 
thoroughly  washed,  it  is  converted  into  a substance 
like  parchment,  and  is  known  2isparchment paper,  largelj^ 
used  for  wrapping  and  for  difiusion  experiments. 

Cellulose  gradually  dissolves  in  strong  sulphuric 
acid,  and  the  solution,  when  diluted  and  boiled,  is 
found  to  contain  dextrin  and  grape  sugar. 

Cane  sugar,  sucrose,  or  saccharose 
(CigHgoOii).  This  sugar  exists  in  the  sugar  cane, 
date,  beetroot,  and  in  the  sap  of  the  sugar  maple. 
It  is  extracted  from  the  sugar  cane  by  crushing  the 
canes  in  order  to  squeeze  out  the  juice,  to  which  is 
then  added  some  slaked  lime ; the  mixture  is  boiled, 
and  the  mechanical  impurities  are  allowed  to  settle  ; 
the  liquor,  poured  off  from  these  impurities,  is  con- 
centrated by  evaporation  and  set  aside  to  cool,  when 
crystals  of  raw  or  brown  sugar  settle  out,  the  viscid 
mother  liquid  constituting  molasses.  To  obtain  the 
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white  or  loaf  sugar,  the  brown  sugar  is  dissolved  in 
water,  and  some  serum  of  blood  and  a little  slaked 
lime  are  added  j the  liquid  is  heated,  and  allowed  to 
stand,  when  the  coagulum  produced  from  the  serum 
of  blood  settles  down,  carrying  with  it  impurities. 
The  solution  is  filtered  through  animal  cliarcoal  to 
decolorise  it,  and  is  evaporated  to  a syrup,  which  is 
poured  into  conical  moulds,  within  which,  on  cooling, 
the  white  or  loaf  sugar  crystallises.  In  all  modern 
works  the  sugar  syrup  is  evaporated  in  large  copper 
boilers,  from  which  the  air  has  been  partially  removed, 
known  as  vacuum  pans.  In  these  pans  the  syrup 
boils  at  65 '5  , its  boiling  point  being  lowered  by  the 
vacuum  about  45°. 

Propei'ties  of  cane  sugar. — Cane  sugar  is 
readily  soluble  in  both  cold  and  hot  water ; its  solution 
does  not  reduce  an  alkaline  copper  solution.  Nitric 
acid  first  converts  it  into  saccharic  acid  (CgHjQOg). 
and  then  into  oxalic  acid.  It  combines  with  alkalies 
and  with  lime  to  form  soluble  saccharates.  If  boiled 
with  dilute  sulphuric  acid,  water  is  assimilated,  and 
p'ape  sugar  is  formed,  or  rather  invert  sugar,  which 
is  a mixture  of  dextrose  and  lasvulose. 

CiaHjjOj,  + H,0  = C^HijOs  + 

Ca.ne  sugar.  Water.  Dextrose.  Lsevulose. 

Cane  sugar  does  not  ferment  directly,  but  there  is 
a ferment  present  in  ordinary  yeast,  which  converts 
it  into  invert  sugar,  and  then  the  yeast  decomposes 
the  latter  into  alcohol  and  carbon  dioxide.  If  solid 
cane  sugar  is  carefully  heated,  a reddish-brown  liquid 
is  obtained,  which  is  burnt  sugar  or  caramel. 

Tests  for  cane  sugar. — Cane  sugar  is  easily 
charred  by  strong  sulphuric  acid  ; it  gives  a red  colour 
and  then  a brown  precipitate  when  boiled  with  strong 
hydrochloric  acid;  it  does  not  reduce  an  alkaline 
copper  solution. 
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Milk  siig^ar  or  lactose  (CioH220^j,H20).— 
This  sugar  is  contained  in  milk,  from  whicli  it  may  be 
prepared  by  precipitating  the  curds  by  the  addition 
of  rennet  or  some  acid,  liltering,  and  evaporating  the 
clear  whey  to  a low  bulk,  when  the  milk  sugar 
crystallises  out  on  cooling. 

Properties  of  milk  siig:ar — It  is  less  soluble 
in  water  than  any  of  the  other  sugars,  and  also  less 
sweet.  It  does  not  undergo  fermentation  in  contact 
with  yeast,  or  only  after  a very  long  time ; in  con- 
tact with  the  ferment  psnicilliuTn  fflctucum  it  under- 
goes lactic  acid  fermentation  ; it  is  this  conversion  of 
milk  sugar  into  lactic  acid  which  is  the  cause  of  the 
souring  of  milk  when  exposed  to  the  air,  the  spores  of 
penicillium  glaucum  being  always  present  in  the  air, 
and  settling  on  the  exposed  surface  of  the  milk. 
When  boiled  with  dilute  acids,  lactose  is  converted 
into  a mixture  of  galactose  and  dextrose.  Strong 
nitric  acid  oxidises  lactose  into  mucic  and  saccharic 
acids. 

Tests  for  milk  sugar — A solution  of  milk 
sugar  reduces  Fehling’s  solution  when  boiled  with  it, 
and  in  this  respect  it  resembles  glucose.  It  can  be 
distinguished  from  glucose,  in  the  solid  state,  by  its 
being  so  much  less  soluble  in  water,  and  in  solution 
by  not  undergoing  fermentation  in  contact  with  yeast ; 
whereas  a solution  of  glucose  readily  ferments  in 
contact  with  yeast  when  the  mixture  is  left  in  a warm 
place. 

Ma.ltose  (Cj2H2oO^^,H20). — This  sugar  is  obtained 
by  the  action  of  diastase  on  starch,  and  gives  to  malt 
its  sweet  taste  ^ it  crystallises  in  needles  which  are 
readily  soluble  in  water.  It  ferments  readily  with 
yeast.  Boiled  with  dilute  sulphuric  acid  it  is  com- 
pletely converted  into  glucose.  It  reduces  an  alkaline 
solution  of  copper,  but  only  to  two-thirds  the  extent 
of  an  equal  weight  of  glucose. 
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Glucose,  dextrose,  grape  sugar  (CgHigOg,  or 

( CH2OH  \ 

( (CH0H)4  ). — This  sugar  occurs  in  grapes,  honey, 

( COH  / 

and  diabetic  urine ; it  can  be  extracted  frorn  any  of 
these  sources,  and  it  can  be  prepared  by  heating  cane 
sugar  with  dilute  sulphuric  acid,  when  it  is  obtained 
mixed  with  l^vulose,  or  by  boiling  maltose  or  starch 
with  dilute  acid.  It  is  less  sweet,  less  soluble  in 
water  and  more  difficult  to  crystallise  than  cane 
sugar,  it  ferments  readily  with  yeast,  forming  alcohol, 
carbon  dioxide,  and  traces  of  other  substances.  Its 
constitutional  formula  is  known,  and  it  has  been 
prepared  artificially  from  formaldehyde  and  from 
<ylycerin.  It  is  obvious  from  its  formula  that  it  is 
an  aldehyde,  as  it  contains  the  characteristic  group 
COH  ; it  is  therefore  a reducing  substance  and  when 
reduced  by  sodium  amalgam,  it  yields  the  corre- 

/ C CHoHO  \ 

spending  alcohol  ( \ (CIIHO)^  ) mannite ; just  as 

V^CH^HO  J 

acetic  aldehyde  yields  on  reduction  ethyl  alcohol. 
Nitric  acid  converts  it  first  into  saccharic  acid 
/ ( COOH  \ 

I ^ (CHHQ)4  ),  and  ultimately  into  oxalic  acid 

V ( COOH  / 

/ / COOH>. 

V ) COOH/ 

Tests  for  glucose. — Glucose  does  not  blacken 
when  mixed  in  the  cold  with  strong  sulphuric  acid. 
It  reduces  an  alkaline  solution  of  copper.  This  re- 
duction test  can  be  applied  in  two  forms  : (1)  Trommer’s 
test;  to  a small  quantity  of  5 per  cent,  solution  of 
copper  sulphate  add  grape  sugar  and  then  caustic 
potash  drop  by  drop  until  a clear  dark  blue  solution 
is  obtained  ; on  heating  this  solution  the  blue  colour 
disappears  and  a precipitate,  first  yellow  and  then 
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red,  is  obtained.  The  cupric  salt  is  reduced  by  the 
glucose  to  yellow  cuprous  hydrate,  which  is  ultimately 
converted  into  red  cuprous  oxide.  (2)  Fehling's  test. 
This  consists  of  two  solutions,  one  containing  34-6 
grammes  of  crystallised  copper  sulphate  in  500^.c.  of 
water  ; the  other,  173  grammes  of  Rochelle  salt  and  60 
grammes  of  caustic  soda  in  500  c.c.  These  solutions 
are  mixed  in  equal  volumes  and  the  grape  sugar 
added,  when,  on  heating,  a decomposition  similar^^to 
that  described  in  the  Trommer’s  test  takes  place. 
Ten  cubic  centimetres  of  the  mixed  solutions  is 
reduced  by  -05  gramme  of  glucose. 

Dextrose  reduces  Barfoed’s  reagent  (4*5  grammes 
of  copper  acetate  in  100  c.c.  of  water  and  0-2  c.c.  of 
50  per  cent,  acetic  acid),  maltose  and  lactose  do  not. 

L.aBVulose  or  fruit /p,  ^ ^ f SSSSx  \ 

TI.-  • • . ^ ( C0(CH20H)/ 

ihis  IS  an  isomer  of  ordinary  grape  sugar  or  dex- 
trose, it  is  a ketone.  It  occurs  in  small  quantities  in 
honey,  and  in  many  fruits  mixed  with  dextrose.  It 
IS  distinguished  from  dextrose  by  its  solution  turning 
a ray  of  polarised  light  to  the  left,  whereas  a solution 
ot  dextrose  turns  It  always  to  the  right.  It  is  best 

• 1 1 cane  sugar,  which  con- 

sists in  boiling  the  cane  sugar  with  dilute  sulphuric 

acid,  when  a mixture  of  dextrose  and  Ijevulose  is 
obtained. 


^12^22^11 

Cane  sugar. 


+ 


HgO 

Water. 


Dextrose. 


+ 


^6^12^6 

Lsevulose. 


n,  sugars  adyantage  is  taken  of 

the  fact  that  they  both  form  compounds  with  lime 
the  dextrose-lime  compound  being  soluble,  while  the 
tevulose-hme  compound  is  insoluble.  To  the  solution 
ot  the  two  sugars  slaked  lime  is  therefore  added,  and 
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the  mixture  filtered;  on  passing  carbon  dioxide 
through  the  filtrate,  the  lime  is  precipitated  as  calcium 
carbonate,  and  the  glucose  is  left  in  solution.  If 
the  insoluble  Igevulose-lime  compound  is  suspended 
in  water  and  carbon  dioxide  passed  through,  calcium 
carl>onate  is  precipitated,  and  the  Isevulose,  in  a pure 
state,  is  left  in  solution. 

Tests  for  Isevulose.  — Lsevulose  reduces 
Fehling’s  solution  in  a similar  manner  to  dextrose, 
but  is  distinguished  from  dextrose,  as  previously  men- 
tioned, by  its  action  on  polarised  light. 

Action  of  solutions  of  snsar  on  polarised 
light.— When  a ray  of  polarised  light  passes  through 
a solution  of  a sugar,  it  is  twisted  to  the  right  or  the 
left  according  to  the  nature  of  the  sugar,  and  to  a 
greater  or  less  extent  according  to  the  .strength  and 
depth  of  the  solution  through  which  the  ray  passes. 
Thus,  solutions  of  cane  sugar,  rtiilk  sugar,  maltose, 
and  dextrose  or  glucose  twist  the  ray  of  polaiised 
lio'ht  in  the  direction  in  which  the  hands  of  a watch 

rotate i.e.  to  the  right,  and  are  called  dextrorotatory 

substances.  Laevulose  or  fruit  sugar  twists  the  lay  to 
the  left,  and  is  called  a Icevorotatory  substance. 

Constitution  of  the  sugars.— Much  light  has 
been  thrown  on  the  constitution  of  the  sugars  during 
the  last  few  years  by  the  researches  of  Emil  Fischer. 
Thus,  we  now  know  that  grape  sugar  is  an  aldehyde 
containing  the  group  COH,  whilst  Isevulose  is  a ketone 
having  the  group  C0(CH20H).  Fischer  has  also  pre- 
pared some  twenty  new  sugars.  Much  of  this  advance 
IS  due  to  the  discovery  that  the  various  sugars  form 
characteristic  crystalline  products  with  phenylhydra- 

zine  ^ H } prepared  from  anilin  by  the 

action  of  sodium  nitrite,  and  subsequent  reduction  by 
stannous  chloride),  which  are  more  or  less  insoluble, 
^nd  can  be  identified  by  their  crystalline  form  and 
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melting-point,  so  that  the  various  sugars  can  be 
thus  isolated  and  purified.  For  instance,  glucose  can 
be  separated  from  urine  by  w^arming  50  c.c.  with 

1 gramme  of  plienylhydrazine  hydrochloride  and 

2 grammes  of  sodium  acetate.  On  allowing  the  mix- 
ture to  cool,  characteristic  yellow  needles  will  separate. 
These  crystals  consist  of  a complicated  compound 
called  an  osazone — in  this  case  glucosazone  (CgH^QO^ 
(N.NHCgH-)^).  Similarly,  maltose  forms  maltosa- 
zone,  etc. 


CHAPTER  VIII. 

ORGANIC  ACIDS. 

1.  Monobasic  Organic  Acids  : The  Fatty  Acids — Formic  Acid- 
Acetic  Acid — Butyric  Acid — Palmitic  and  Stearic  Acids — Fats 
and  Soaps  —Lactic  Acid.  2.  Dibasic  Organic  Acids : Oxalic 
Acid — Succinic  Acid — Malic  Acid — Tartaric  Acid.  3.  Tri- 
basic  Organic  Acids:  Citric  Acid— Asymmetric  Carbon  Atom. 


All  organic  acids  contain  at  least  one  monovalent 
group  of  the  radicle  carboxyl  or  oxatyl  (COOH). 
The  simplest  organic  acids  are  formic  acid,  in  which 

oxatyl  is  united  to  hydrogen^  and  oxalic  acid, 

which  contains  only  two  oxatyl  groups 

The  basicity  of  an  organic  acid  depends  upon  the 
number  of  oxatyl  groups  which  is  contained  in  the 
molecule ; thus,  formic  acid  is  monobasic,  oxalic  acid 
dibasic,  etc.  There  are  several  homologous  series  of 
organic  acids,  but  the  most  important  is  the fatty  series^ 
so  called  because  the  higher  members  of  the  series  are 
found  as  salts  of  glyceryl  in  fats.  Many  of  these 
fatty  acids  are  found  in  nature ; thus,  formic  acid 
occurs  in  ants,  butyric  acid  in  rancid  butter,  etc. 

The  fatty  acids, — These  acids  form  a homolo- 
gous series,  all  having  the  general  formula  ^ 

The  first  nine  acids  are  colourless  liquids,  showing  an 
average  rise  of  about  22°  in  their  boiling-points  for 


each  addition  of  CHg;  thus,  butyric  acid 


boils  at  163-2°,  valeric  acid 


acid 


({ 


C,Hg 

COOH  J 


and  higher  members  are  solids. 


at  184*5°.  The 
These 


COOH 

acids  can  be  obtained  (1)  by  oxidation  of  the  corre* 
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sponding  alcohols  or  aldehydes  with  sulphuric  acid 
and  potassium  bichromate — 

I ^^3  I 20  — I ^^3  I HO 

ICHjHO  + - IcuOH  + ^2^ 

Ethyl  alcohol.  Oxygen.  Acetic  acid.  Water ; 

(2)  by  the  action  of  bases  or  acids  upon  the  cyanides 
of  the  alcohol  radicles — 

{cn“  + HCl  + 2H,0  = + NH,C1 

Ethyl  ■’  Hydrochloric  Water.  Propionic  Ammonium 

cyanide.  acid.  acid.  chloride ; 

(3) ,  by  fermentation  and  destructive  distillation  of 
wood,  etc. 

Oeiieral  reactions.— (1)  When  heated  for  some 
time  with  the  alcohols,  the  acid  combines  with  the 
alcohol  to  form  an  ester. 

CgH.HO  + HC2H3O2  = C2H5O2H3O2  + H„0 

i.Ethyl  alcohol.  Acetic  acid.  Ethyl  acetate.  Water. 

The  boviquet  in  old  wine  is  believed  to  be  developed 
in  this  way  owing  to  the  slow  formation  of  the 
fragrant  esters. 

(2)  When  treated  with  chlorine  (or  bromine)  a 
chloracid  is  formed. 

. n _ (CHgCi  ^ 

ICOOH  ^2  — IcOOH 

Acetic  Chlorine.  Chloracetic  Hydrochloric 

acid.  acid.  acid. 

These  chloracids  undergo  two  very  important  decom- 
positions : — 

(a)  Heated  with  a solution  of  ammonia  in 
alcohol,  the  chlorine  is  replaced  by  the  amido  group, 
NHg,  and  an  amido  acid  formed. 
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+ 2NH3  = {cooH^'  + 

Ammonia.  Amidoacetic  Ammonium 

acid  or  glycocoL  chloride. 

ih)  When  treated  with  silver  hydrate,  the  chlorine 
is  replaced  by  hydroxyl,  and  a hydroxyacid  is  formed. 

9/CH0CI  , . n ofCHoHO  , OA 

^\C06h  + H2O  _ + ^AgCl 

Chloraeetic  Silver  Water.  Hydroxyacetic  or  Silver 

acid.  oxide.  glycoUic  acid.  chloride. 

(3)  If,  instead  of  chlorine,  Ave  use  phosphorus 
trichloride,  the  chlorine  replaces  the  HO  in  the  oxatyl 
group,  the  acid  character  of  the  body  is  lost,  and  Ave 
have  the  chloride  of  the  acid  radicle  acetyl  formed. 

Hcooh  + H3PO3 

Acetic  acid.  Phosphorous  Acetyl  Phosphorus 

chloride.  chloride.  acid. 

Acetic  acid  may  be  regarded  as  the  hydrate  or 
hydroxide  of  acetyl  (CgHgOjHO. 

1.  MONOBASIC  OBGANIC  ACIDS, 

Foi’snic  acid  (nCHOg,  or  |qqqjj] — This 

acid  occurs  in  nature  in  red  ants  and  in  stinging 
nettles.  It  can  be  prepared  by  the  oxidation  of 
methyl  alcohol,  either  by  dropping  it  on  to  spongy 
platinum,  the  occluded  oxygen  of  which  oxidises  it 
to  formic  acid  ; or  by  distilling  methyl  alcohol  with 
potassium  bichromate  and  sulphuric  acid,  which  in 
presence  of  the  alcohol  evolve  oxygen,  with  formation 
of  potassium  and  chromium  sulphates. 


CCHoCl 
\ COOH 

Chloraeetic 

acid. 


Chap.  VIII.] 


Formic  Acid. 


433 


{ 


II 

CHoHO 


Methyl 

alcohol. 


+ 02  = 

Oxygen. 


H 

COOH 

Formic 

acid. 


+ H,0 

Water. 


Formic  acid  can  also  be  prepared  from  sugar  by 
oxidation  with  sulphuric  acid  and  black  oxide  of 
manganese  ; but  the  best  method  is  to  heat  a mixture 
of  oxalic  acid  and  glycerin  in  a flask  to  105° ; a con- 
denser is  attached,  and  a liquid  containing  about  50 
per  cent,  of  formic  acid  distils  over.  The  glycerin  re- 
mains unaltered. 


COOH 

CO.OH 

Oxalic 

acid. 


H 

COOH 

Formic 

acid. 


+ COg 

Carbon 

dioxide. 


Properties  of  formic  acid,— A clear,  colour- 
less liquid,  with  a very  penetrating  odour,  boils  at 
101°;  in  its  concentrated  state  it  produces  a blister 
when  painted  or  rubbed  on  the  skin.  The  wheals 
produced  on  the  skin  by  the  sting  of  the  stinging 
nettle  are  due  to  the  injection  beneath  the  skin  of 
small  quantities  of  formic  acid,  from  the  hair  of  the 
stinging  glands  penetrating  the  skin. 

Test  for  formic  acid.— An  ammoniacal  solution 
of  silver  nitrate  is  reduced  to  the  metallic  state  on 
warming  with  formic  acid,  the  silver  forming  a 
muTor-like  deposit  on  the  sides  of  the  test-tube. 

Acetic  acid(HC2H302,  or  There 

are  two  principal  methods  by  which  acetic  acid  is 
made  : (i)  The  oxidation  of  alcohol ; (ii)  the  dry  or 
destructive  distillation  of  wood.  Vinegar  is  obtained 
by  the  former  process ; 'pyroligneous  acid,  or  crude 
acetic  acid,  by  the  latter. 

Brown  or  malt  vinegar  is  prepared  by  exposing 
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beer,  mixed  with  a little  yeast,  to  the  air ; under  the 
influence  of  a ferment,  my  coderma  aceti,  the  alcohol 
of  the  beer  becomes  oxidised  to  acetic  acid. 


The  vinegar  so  prepared  contains  about  per  cent 
of  acetic  acid ; a small  quantity  of  sulphuric  acid  is 
added  at  the  last  to  destroy  the  ferment,  and  so 
prevent  any  further  changes  from  taking  place  in  the 
vinegar.  It  is  to  this  development  of  acetic  acid  that 
the  souring  of  beer  is  due  when  exposed  to  the  air. 

White-wine  vinegar  is  prepared  by  the  oxidation 
of  the  alcohol  contained  in  the  light  white  wines ; 
the  oxidation  is  facilitated  by  allowing  the  wine  to 
trickle  over  the  surface  of  wood-shavings  contained 
in  towers ; in  this  way  the  alcohol  of  the  wine  becomes 
freely  exposed  to  the  action  of  the  oxygen  of  the  air, 
and  so  is  rapidly  converted  into  acetic  acid. 

Acetic  acid  may  be  prepared  from  ordinary  alcohol 
by  distilling  it  with  potassium  bichromate  and  sul- 
phuric acid ; the  two  last-mentioned  bodies  liberate 
oxygen,  which  in  the  nascent  state  immediately 
oxidises  the  alcohol  to  acetic  acid,  which  then  distils 


Dry  or  destructive  distillation  of  wood. — Although 
wood  contains  no  acetic  acid,  yet  it  contains  the 
elements  necessary  for  the  formation  of  that  body, 
and  under  the  influence  of  dry  heat,  without  exposure 
to  air,  a re-arrangement  of  the  elements  of  the  wood 
takes  place,  with  the  formation  of  several  fresh  bodies, 
amongst  which  is  acetic  acid.  This  process  is  the  dry 
or  destructive  distillation  of  wood,  and  if  the  products 
are  collected  in  different  portions,  as  they  distil  over, 
a rough  separation  of  them  is  effected,  since  the  bodies 


Alcohol. 


Oxygen.  Acetic  acid.  Water. 


over. 
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with  low  boiling-points  will  distil  before  those  with 
higher  boiling-points.  Thus  the  first  portion  of  the 
distillate  from  the  destructive  distillation  of  wood 
consists  of  impure  methyl  alcohol,  or  wood  spirit ; 
next  comes  over  impure  acetic  acid,  or  pyroligneous 
acid;  creasote  and  other  bodies  distil  over  afterwards; 
and  lastly  wood  tar. 

To  obtain  pure  acetic  acid  from  the  pyroligneous 
acid,  the  latter  is  neutralised  with  sodium  carbonate 
to  form  sodium  acetate ; the  solution  is  then  concen- 
trated by  evaporation,  and,  on  cooling,  crystals  of 
sodium  acetate  separate  out,  leaving  tarry  and  other 
impurities  in  the  mother  liquor.  The  crystals  of 
sodium  acetate,  are  carefully  heated,  so  as  to  expel 
any  tar  carried  down  with  them,  and  the  sodium  ace- 
tate distilled  with  sulphuric  acid,  when  pure  acetic 
acid  will  be  obtained  as  a distillate. 

2NaC2H302  + H2SO4  = 2HC2H3O2  + Na2S04 

Sodium  Sulphuric  Acetic  Sodium 

acetate.  acid.  acid.  sulphate. 

Properties  of  acetic  acid. — Acetic  acid  is  a 
clear,  colourless  liquid,  with  a penetrating,  pleasant 
acid  odour,  and  an  acid  taste.  The  pure  acid  applied 
to  the  skin  produces  a blister.  Ordinary  acetic  acid 
{Acidum  aceticum)  is  a mixture  of  acetic  acid  and 
water,  containing  about  33  per  cent,  of  real  acid. 
Glacial  acetic  acid  {Acidum  aceticum  glaciate)  is 
pure  acetic  acid,  and  solidifies  to  a crystalline  mass 
at  temperatures  below  15  "5°;  boils  at  118°. 

Three  derivatives  of  acetic  acid  (chloracetic  acids) 
are  obtained  by  the  action  of  chlorine  on  acetic  acid, 
1,  2,  or  3 atoms  of  hydrogen  being  displaced  from 
the  acetic  acid  molecule,  according  to  the  amount  of 
chlorine  used.  The  acids  are  respectively  called 
monochloracetic  acid,  dichloracetic  acid,  and  trichlor- 
acetic acid. 
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i OH, 

( CHoCl 

J CHCl, 

j CCb 

1 COOH 

\ COOH 

1 COOH 

] COOH 

Acetic  acid. 

Monocliloracetic 

Dichlora(‘etic 

Trichloracetic 

acid. 

acid. 

acid. 

Tests  for  acetic  acid  aiifl  acetates. — (i)  If 

an  acetate  is  boiled  with  sulphuric  acid,  the  odour  of 
acetic  acid  is  evolved, 

(ii)  If  an  acetate  is  boiled  with  sulphuric  acid  and 
alcohol,  the  sweet  smell  of  ethyl  acetate  (acetic  ether) 
is  obtained. 

(iii)  If  ferric  chloride  is  added  to  a solution  of  a 
neutral  acetate,  a blood- red  colour  is  produced,  due  to 
the  formation  of  ferric  acetate  ; the  colour  is  discharged 
by  the  addition  of  strong  hydrochloric  acid. 

(iv)  If  a dry  acetate  be  heated  in  a test-tube, 
the  characteristic  odour  of  acetone  is  evolved  {see 
page  400). 

(v)  Ammonium  acetate  when  heated  with  phos- 
])horus  pentoxide  yields  water  and  acetonitrile  {see 
page  368), 

Butyric  acid  or  | — This 

acid  is  contained  in  human  perspiration,  and  in 
rancid  butter.  It  is  prepared,  as  a rancid-smelling 
oily  fluid,  by  the  oxidation  of  butyl  alcohol  with 
potassium  bichromate  and  sulphuric  acid. 

C^HgliO  + 03  = HC4H7O2  + H2O 

Butyl  alcohol.  Oxygen.  Butyric  acid.  Water, 


Butyric  acid  can  also  be  obtained  from  lactic  acid 
by  a fermentation  process  {see  page  442). 

Two  varieties  of  butyric  acid  exist,  normal  or 


fermentation  butyric  acid 


1CH3 
JCH3 

ICH, 

(.COOH/ 


) 


, and  isobutyric 
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acid 


//CH(CH3), 

UCOOH 


) 


sometimes  called  dimethylacetic 


acid. 


Palinitie  acid 


({ 


0.5H,, 

COOH 


j. — This  acid 


is  found 


in  spermaceti,  beeswax,  palm  oil,  etc.  It  is  prepared 
by  saponifying  palm  oil  by  boiling  with  caustic 
soda,  when  a soap,  sodium  palmitate,  is  formed, 
together  with  glycerin ; the  soap  is  separated  by 
throwing  in  salt,  and  finally,  on  decomposing  the  soap 
by  boiling  with  dilute  sulphuric  acid,  sodium  sulphate 
and  palmitic  acid  are  formed. 

Palmitic  acid  may  be  written  H(C|gH3^02).  The 
equations  of  the  above  reactions  are  as  follows  : — 


C3H5(Ci6H3^02)3  + 3HaHO  =: 

Glyceryl  paliaitate,  Sodium 

palmitin,  hydrate, 

or  palm  oil. 

C3H5(H0)3 

Glycerin. 


3Na(C,3H„02)  + 

Sodium  palmitate 
or  soap. 


2NaC^gH3^02 

Soap. 


HoSO.  = 


Sulphuric 

acid. 


Na2SO^  + 

Sodium 

sulphate. 


2HC,eH3iO, 

Palmitic  acid. 


A second  plan  is  to  decompose  a natural  fat  con- 
taining the  acid  with  superheated  steam,  when  the 
free  fatty  acid  and  glycerin  are  formed. 


C3H3(0,eH3iO3)3 

Palm  oiL 


+ 3H2O 

Steam. 


3HC,3H330,  + 

Palmitic  acid. 


C3H3(H0)3 

Glycerin. 


Palmitic  acid  is  a white  crystalline  solid,  insoluble 
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in  water,  soluble  in  boiling  alcohol  and  in  ether. 
Melts  at  62°. 

lUarg:aric  acid  (|q^q||)  does  not  seem  to 

occur  in  natural  fats,  but  can  be  prepared  synthe- 
tically. 

Stearic  acid  (Iq^qH)  occurs  in  beef-suet, 

mutton-suet,  cacao  butter.  It  is  prepared  from  these 
fats  by  processes  similar  to  those  under  palmitic  acid. 
Stearic  acid  closely  resembles  palmitic  acid,  but  melts 
at  69°.  Both  acids  are  extensively  used  for  the 
manufacture  of  candles. 

A third  acid,  which  is  a liquid,  is  commonly  found 
associated  with  palmitic  and  stearic  acids  in  the 
natural  fats,  this  is  oleic  acid. 

Oleic  acid  (|qqq||)-  — This  is  not,  strictly 

speaking,  a fatty  acid,  but  belongs  to  a different 
series — the  acrylic  series.  It  occurs  in  olive  and 
almond  oil.  When  pure,  it  solidities  in  white  crystals 
at  14°. 


FATS  AND  FIXED  OILS. 

A fat  or  oil  is  a compound  of  the  radicle  glyceryl 
with  the  acid  radicle  of  one  of  the  higher  fatty  acids. 
The  large  majority  of  fats  and  oils  consist  of  the  radicle 
glyceryl  united  with  the  oleic,  stearic,  and  palmitic 
radicles.  The  compound  of  glyceryl  and  the  oleic 
radicle  is  glyceryl  oleate  or  olein ; the  compound  of 
glyceryl  and  the  stearic  radicle  is  glyceryl  stearate  or 
stearin;  and  the  compound  of  glyceryl  and  the  palmitic 
radicle  is  glyceryl  palmitate  or  'palmitin.  As  the 
glyceryl  radicle  is  tri valent,  and  the  fatty  acid  radicles 
are  univalent,  it  follows  that  three  equivalents  of  the 
latter  are  requned  to  saturate  one  of  the  former  \ the 
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formulae  of  these  fats  and  oils  are,  therefore,  as 
follows : — 

Glyceryl  oleate  or  olein  C3Hg( 01^11330.2)3. 

Glyceryl  stearate  or  stearin  C3Hg(Ci8H3g02)3. 

Glyceryl  palmitate  or  palmitin  €3115(013113102)3. 

Olein  is  a liquid,  stearin  and  palmitin  are  solids; 
therefore  the  larger  the  proportion  of  olein  in  a mixed 
fat  the  softer  it  will  be;  and  the  larger  the  proportion 
of  stearin  (which  is  harder  than  palmitin)  the  harder 
the  mixed  fat  will  be. 

Olein  is  the  chief  constituent  of  olive  oil  and 
almond  oil,  and  is  also  contained  in  castor  oil.  Stearin 
forms  the  bulk  of  beef-suet  and  m utton-suet.  Palmitin 
is  present  in  palm  oil.  Human  fat  is  a mixture  of 
olein,  stearin,  and  palmitin.  Margarin^  which  was 
formerly  believed  to  be  a simple  fat,  is  now  known  to 
be  a mixture  of  stearin  and  palmitin. 

Olive  oil  is  a type  of  the  non-drying  oils,  i.e.  oils 
which,  when  exposed  to  the  air,  become  thick  and 
acid,  but  do  not  harden.  Linseed,  poppy,  and  hemp 
oils,  which  are  glycerides  of  linoleic  acid,  dry  up  to 
a hard  varnish,  and  are  termed  drying  oils. 

SOAPS  AND  SAPONIFICATION. 

A soap  is  a compound  of  a metal  with  one  of  the 
radicles  of  oleic,  stearic,  or  palmitic  acid,  and  is  there- 
fore obtained  by  the  displacement  of  the  glyceryl  of 
an  oil  or  fat  by  a metal.  The  following  list  shows 
the  composition  of  the  commonly  used  soaps  ; — 

Oommon,  yellow,  or  hard  soap  is  ) N 0 H O 
sodium  oleate  j is  33  2 

Sott  soap  is  potassium  oleate  . . . KO18H33O2 

Curd  soap  is  sodium  stearate  , , . NaCjgHsgOj 
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Saponification  is  the  process  by  which  oils  or  fats 
are  converted  into  soaps,  and  consists  in  decomposing 
the  oil  or  fat  with  an  alkali,  when  double  decomposi- 
tion takes  place,  resulting  in  the  formation  of  a soap 
and  glycerin. 

H ard  soap. — This  is  prepared  by  boiling  olive 
oil,  cocoanut  oil,  suet,  etc.,  with  caustic  soda,  when 
double  decomposition  occurs  as  follows  ; — 

^3^5(^18^33^2)3  "h  3NaH0  = 3NaCigH3302  + 

Glyceryl  oleate.  Sodium  hydrate.  Sodium  oleate. 

C3H,(H0)3 

Glycerin. 

When  the  process  of  saponification  is  completed, 
common  salt  is  added  to  separate  the  soap  from  the 
glycerin  ; the  soap  being  insoluble  in  a solution  of 
common  salt,  it  is  thrown  out  of  solution  on  the 
addition  of  the  salt,  and  rises  to  the  surface  of  the 
liquid,  when  it  can  be  removed. 

Soft  soap. — This  is  prepared  by  boiling  olive  oil 
and  other  fats  with  caustic  potash,  when  double  de- 
composition occurs  as  follows  : — 

^3^5(^18^33^2)3  d-  3KH0  = 3KCjgH3302  + 

Glyceryl  oleate.  Potassium  Potassium  oleate. 

hydrate. 

C3H,(H0)3 

Glycerin. 

Common  salt  cannot  be  used  to  throw  this  soap 
out  of  solution,  as  it  would  convert  it  into  the  soda 
soap  ; the  solution  is  therefore  evaporated  to  a soft 
consistence,  the  glycerin  being  left  in  the  soap. 

The  term  saponification,  originally  applied  to  the 
decomposition  of  the  fats  by  boiling  with  a caustic 
alkali  by  which  a soap  was  formed,  is  now  extended 
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so  that  it  includes  the  decomposition  of  any  ester  by 
an  alkali,  e.^., 


C0H5CI  + KHO  = KCl  + CgH-HO 

Etliyl  Potassium  Pota.ssiuin  Alcohol, 

chloride.  hydrate.  chloride. 


although  n ) soap  is  formed. 

/ ( CHoHO\ 

I^actic  acid  ( HC3H5O3  or  ^ CHg  ).— It 

\ ( COOH  / 

will  be  seen  from  the  formula  given  below  that  this 
acid  can  be  prepared  from  propionic  acid  by  the  sub- 
stitution of  hydroxyl  (HO)  for  one  atom  of  hydrogen, 
and  is  therefore  hydroxypropionic  acid. 


i C^H, 

I COOH 

Propionic  acid. 


C2H,(H0) 

COOH 


Lactic  or  hydroxypropionic  acid. 


On  treating  with  hydriodic  acid,  lactic  acid  is  recon- 
verted into  propionic  acid. 

An  isomer  of  this  acid  exists  known  as  fermenta- 

/ \ 

tion  lactic  acid  ( < CHOH  ). 

\ ( COOH  / 

A third  isomer  of  lactic  acid  is  the  sarcolactic 
acid  found  in  muscle. 

Preparation  of  ordinary  or  fermentation 
lactic  acid. — This  acid  is  best  obtained  by  the 
process  known  as  the  lactic  acid  fermentation  of 
sugar,  which  is  effected  by  the  action  of  the  ferment, 
penicillium  glaucum^  on  either  glucose  or  milk  sugar. 
Under  the  influence  of  this  ferment,  both  these  sugars 
spjit  up  into  lactic  acid  j the  glucose  molecule  be- 
coming resolved  into  two  molecules  of  lactic  acid, 
' thus  : 


C'fiHigOg 

Glucose. 


Lactic  acid ; 
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the  milk-sugar  molecule  is  resolved  into  four  molecules 
of  lactic  acid — 

Lactose  or  milk  Lactic 

sugar.  acid. 

The  production  of  lactic  acid  by  fermentation  is 
best  effected  by  taking  a mixture  of  sugar,  mouldy 
cheese  (the  mould  of  which  is  penicillium  glaucum), 
chalk,  and  water,  and  leaving  the  mixture  for  some 
time  in  a warm  place  ; the  lactic  acid  as  it  is  formed 
is  converted  by  the  chalk  into  calcium  lactate,  which 
is  deposited  as  a crystalline  mass.  From  the  calcium 
lactate  the  lactic  acid  may  be  set  free  by  the  addition 
of  sulphuric  or  oxalic  acid ; on  filtering  from  the  in- 
soluble calcium  sulphate  or  oxalate,  and  evaporating 
the  filtrate,  the  lactic  acid  is  obtained  as  a syrupy 
liquid. 

If  the  fermentation  is  allowed  to  continue  too 
long,  then  the  lactic  acid  becomes  decomposed  by  a 
further  fermentative  process  into  butyric  acid,  thus  : 

2C3H6O3  = C.HgOa  -f  2CO2  + 2H2 

Lactic  Butyric  Carbon  Hydrogen, 

acid,  acid.  dioxide. 

Ordinary  lactic  acid  has  no  action  on  polarized 
lidit,  and  its  zinc  salt  crystallises  with  three  mole- 
cules of  water  (Zn(C3H503)2  -b  SH^O) ; 1 part  of  the 
salt  requires  58  parts  of  water  for  its  solution. 

The  isomer  obtained  from  flesh  (sarcolactic  acid) 
is  dextrorotatory.  Its  zinc  salt  has  the  formula 
Zn(C3H503)2  + SHgO,  and  1 part  of  the  salt  dissolves 
in  17  of  water. 

The  souring  of  milk  on  exposure  to  the  air  is  due 
to  the  conversion  of  the  milk  sugar  into  lactic  acid, 
the  fermentation  being  induced  by  the  spores  of 
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penicillium  glaucuin,  which  are  always  present  in  the 
air,  settling  on  the  surface  of  the  exposed  milk. 


2.  DIBASIC  ORGANIC  ACIDS. 

Oxalic  acid  (^HgCgO^  or  | qqq^)- — This  acid 

is  present  in  the  form  of  potassium  and  calcium  salts 
in  a few  plants,  such  as  the  wood-sorrel,  rhubarb,  and 
common  dock.  There  is  not,  however,  a sufficient 
quantity  of  it  in  these  plants  to  render  its  extraction 
from  them  a commercial  success,  and  it  is  therefore 
obtained  by  an  artificial  process.  It  may  be  pre- 
pared— 

(i)  In  the  form  of  its  sodium  salt  by  passing  carbon 
dioxide  over  carefully  heated  metallic  sodium. 

2Na  + 2CO2  = Na^CgO^ 

Sodium.  Carbon  Sodium 

dioxide.  oxalate. 

(ii)  It  may  also  be  prepared  by  boiling  cane  sugar 
with  strong  nitric  acid,  some  of  the  oxygen  of  which 
oxidises  the  sugar  to  oxalic  acid. 

^12^22^11  ^^2  ~ ^H2C20^  -j-  5H2O 

Cane  sugar.  Oxygen.  Oxalic  acid.  Water. 

(iii)  On  the  manufacturing  scale,  oxalic  acid  is 
prepared  from  sawdust.  The  process  is  carried  out 
on  a large  scale  by  heating  sawdust  to  a temperature 
of  204°  with  caustic  soda  on  iron  plates,  care  being 
taken  not  to  use  sufficient  heat  to  char  the  sawdust ; 
the  sodium  oxalate  is  then  extracted  by  means  of 
boiling  water,  and  decomposed  by  slaked  lime  into 
the  insoluble  calcium  oxalate  and  caustic  soda ; the 
latter  can  then  be  used  for  heating  with  a fresh 

O 

portion  of  sawdust. 
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Na^CgO^  + Ca(HO)3  = CaC204  -j-  2NaHO 

Sodium  Slaked.  Calcium  Caustic 

oxalate.  lime.  oxalate.  soda. 

The  calcium  oxalate  is  then  decomposed  with 
sulphuric  acid  and  water,  with  formation  of  in.soluble 
calcium  sulphate  and  soluble  oxalic  acid  • on  filtering 
from  the  calcium  sulphate,  and  concentrating  the 
filtrate  by  evaporation,  crystals  of  oxalic  acid  are 
deposited. 

CaC^O,  + H2SO4  = + CaSO^ 

Calcium  Sulphuric  Oxalic  Calcium 

oxalate.  acid.  acid.  sulphate. 

Properties  of  oxalic  acid  (HgCgO^  + 2H2O). 
— Oxalic  acid  is  a white  crystalline  solid,  with  a 
very  acid  taste ; it  is  an  irritant  poison,  the  anti- 
dote for  it  being  chalk  or  lime-water,  either  of  which 
neutralises  the  oxalic  acid,  and  forms  the  insol- 
uble calcium  oxalate  on  gently  heating,  water  is 
evolved,  aud  the  anhydrous  acid  (Il2C20^)  sublimes. 
When  treated  with  PCI5  the  HO  groups  are  not  re- 
placed by  Cl,  but  the  acid  splits  into  oxides  of  carbon 
and  water. 

Salto/ sorrel (KKC^O^,  HoC20^  + 2H20)is  an  acid 
potassium  oxalate  combined  with  oxalic  acid ; it  exists 
in  the  wood  sorrel,  and  may  be  made  by  one-fourth 
neutralising  oxalic  acid  with  potassium  carbonate; 
salt  of  sorrel  and  oxalic  acid  are  both  used  for  re- 
moving ink-stains  from  linen,  the  tannate  of  iron  of 
the  ink-stain  being  soluble  in  a solution  of  oxalic 
acid.  Heat  decomposes  oxalic  acid  into  water  and 
the  two  oxides  of  carbon ; a similar  decomposition, 
but  at  a lower  temperature,  takes  place  when  oxalic 
acid  is  heated  with  strong  sulphuric  acid  (see  page  155). 
Oxalates  of  the  metals  when  heated  yield  carbonates, 
with  evolution  of  carbon  monoxide ; thus : 
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CaCp^  = CaCOg  + CO 

Calcium  C;ilcium  Carbon 

oxalate.  carbonate.  monoxide. 

Tests  for  oxalic  acid. — (i)  If  asolutionof  oxalic 
acid  be  neutralised  with  ammonia,  and  calcium  chloride 
be  added,  a white  precipitate  of  calcium  oxalate  will  be, 
thrown  down ; this  precipitate  is  insoluble  in  acetic 
acid,  but  is  soluble  in  hydrochloric  acid. 

(ii)  When  boiled  with  strong  sulphuric  acid,  oxalic 
acid  and  the  oxalates  evolve  CO  and  COg;  if  MnO^  be 
added,  only  CO2  is  obtained. 

Succinic  acid  or  CaH^  j. 

— This  acid  can  be  obtained  from  amber  by  heat,  hence 
its  name  (from  succinum,  amber).  Although  not 
employed  at  all  in  medicine,  it  is  of  interest  on  account 
of  its  relationship  to  malic  and  tartaric  acids,  as  will 
be  seen  from  the  following  formulae  ; — 

Succinic  acid  C4H6O4  or  C2H4  <(qooH 
Malic  acid  C4He05  or  C2H3(HO)  <(qoOH 
Tartaric  acid  C4HgOg  or  C2H2(HO)2  <^QQQg 


Malic  acid  is  therefore  hydroxysuccinic  acid,  and 
tartaric  is  dihydroxysuccinic  or  hydroxymalic  acid. 
Succinic  acid  is  formed  in  small  quantities  in  the 
alcoholic  fermentation.  It  crystallises  in  colourless 
prisms,  melting  at  180°;  it  readily  sublimes. 

raalic  acid  or  C,H3(HO) 

— This  acid  is  present  in  the  free  state  in  apples,  pears, 
cherries,  berries  of  the  mountain  ash,  and  various 
other  fruits ; it  is  also  present  in  considerable  quan- 
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titles  in  green  garden  rhubarb,  the  sourness  of  which 
is  due  to  malic  acid.  It  is  not  used  in  medicine,  but 
is  of  interest  as  being  intermediate  in  composition 
between  succinic  and  tartaric  acids  {see  above). 

I'COOHv 

HjC,H,Oe  or  ) ) .—This  acid 

( COOH  / 

occurs  as  potassium  acid  tartrate  (cream  of  tartar)  in 
grapes,  tamarinds,  pine-apples,  and  several  other  fruits. 
It  is  deposited  as  argol  during  the  fermentation  of 
grape  juice  ; for  although  the  potassium  acid  tartrate 
is  soluble  in  the  grape  juice,  it  is  insoluble  in  alcohol, 
and  is  therefore  precipitated  as  the  grape  sugar 
becomes  converted  into  alcohol.  Argol  consists  of 
potassium  acid  tartrate  coloured  with  some  of  the 
colouring  matter  of  the  wine ; it  also  constitutes  the 
crust,  formed  as  a sediment,  in  old  port  and  other 
wines.  Cream  of  tartar,  or  bitartrate  of  potash,  as  it 
is  sometimes  called,  is  argol  deprived  of  its  colouring 
matter  by  means  of  animal  charcoal  and  recrystallisa- 
tion. 

Preparation. — Tartaric  acid  is  prepared  by 
dissolving  cream  of  tartar  in  boiling  water,  and  adding 
chalk  till  effervescence  ceases,  when  one-half  of  the 
tartaric  radicle  is  precipitated  as  calcium  tartrate,  the 
other  half  remaining  in  solution  as  potassium  tartrate. 


Tartaric 

acid 


2KHC4H4O6  -f  CaCOg  = 

Potassium  Calcium 

acid  tartrate.  carbonate. 


CaC^H^Og  + 

Calcium 

tartrate. 


Potassium  Carbon  Water, 

tartrate.  dioxide. 

Calcium  chloride  is  then  added  to  decompose  the 
potassium  tartrate,  so  that  the  whole  of  the  cream  of 
tartar  is  converted  into  the  insoluble  calcium  tartrate. 
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K^C.H.Og  + CaClg  = CaC^H.Og 

Potassium  Calcium  Calcium 

tartrate.  chloride.  tartrate. 


+ 2KC1 

Potassium 

chloride. 


The  calcium  tartrate  is  finally  decomposed  with 
sulphuric  acid  and  water,  with  the  production  of 
insoluble  calcium  sulphate  and  soluble  tartaric  acid ; 
on  filtering  from  the  calcium  sulphate,  and  concen- 
trating the  filtrate  by  evaporation,  crystals  of  tartaric 
acid  are  deposited. 

CaC.H^Og  -f  H2SO4  = HgC^H^Og  -f  CaSO^ 

Calcium  Sulphuric  Tartaric  Calcium 

tartrate.  acid.  acid.  sulphate. 


Properties. — Tartaric  acid  is  a white  crystalline 
solid,  with  a very  acid  taste.  Three  isomeric  varieties 
of  tartaric  acid  exist,  viz.  dextro- tartaric  acid  and 
Isevo-tartaric  acid,  a solution  of  the  former  twisting 
a ray  of  polarised  light  to  the  right,  and  of  the 
latter  to  the  left : ordinary  tartaric  acid  is  dextro- 
tartaric  acid.  Racemic  acid  is  a mixture  of  the  two 
varieties,  and,  in  the  form  of  the  acid  potassium  salts, 
exists  in  some  varieties  of  grapes  : racemic  acid  has 
no  action  on  polarised  light.  The  third  isomeric  (rneso- 
tartaric)  acid  is  also  without  action  on  polarised 
light,  but  its  inactivity  is  explained  by  its  internal 
structure. 

Tests  for  tartaric  acid. — (i)  If  to  a solution  of 
tartaric  acid  carefully  neutralised  with  ammonia  some 
silver  nitrate  be  added,  a white  precipitate  of  silver 
tartrate  is  thrown  down  ; on  heating  the  mixture,  a 
precipitate  of  metallic  silver  forms  as  a mirror-like 
deposit  on  the  sides  of  the  test-tube. 

(ii)  When  stirred  with  a solution  of  potassium 
sulphate  tartaric  acid  gives  a white  crystalline 
precipitate. 
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(iii)  When  heated  with  strong  sulphuric  acid, 
a tartrate  chars  and  evolves  the  odour  of  burnt 
sugar. 


3.  TRIBASIC  ORGANIC  ACIDS. 

/ { Clio  COOH  \ 

Citric  acid  ( HsCgHgO^  or  ^ CHO  COOH 
V ( CH,  COOH  / 

This  acid  is  present  in  lemons,  limes,  currants,  goose- 
berries, raspberries,  etc.  It  is  prepared  from  lemon- 
juice  or  lime  juice  by  first  boiling  the  juice  and 
filtering  from  any  suspended  matters,  and  then  adding 
chalk  until  efifervescence  ceases;  the  precipitated 
calcium  citrate  is  collected  and  decomposed  with 
sulphuric  acid  in  a manner  similar  to  that  employed 
in  the  preparation  of  tartaric  acid. 

Properties  and  tests. — Citric  acid  is  a white 
crystalline  solid,  with  a very  acid  taste.  The  solid 
acid,  when  treated  with  strong  sulphuric  acid,  first 
turns  of  a pale  lemon  colour,  passing  successively  to 
a darker  yellow  colour,  a sherry  colour,  a port  colour, 
and  finally  becoming  black. 

Citrates  give  no  mirror  with  silver  salts,  and  no 
precipitate  with  potassium  sulphate  or  calcium  hydrate 
in  the  cold. 

It  has  been  shown  that  the  action  on  polarised 
light  possessed  by  such  substances  as  tartaric  acid, 
lactic  acid,  etc.,  is  always  accompanied  by  a peculiar 
type  of  structure  ; such  substances  always  contain 
what  is  known  as  an  asyiiiiiictric  carbon  atom, 
i.e.,  a carbon  atom  to  each  of  the  four  bonds  of  which 
a cliffere7it  element  or  group  of  elements  is  attached. 
Thus  in  lactic  acid  the  0 printed  in  heavy  type  is 
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asymmetric — one  of  its  bonds  is  attached  to  H,  one  to 
HO,  a third  to  CHg,  and  the  fourth  to  COOH  : 

H 

H-C— H 

I 

H— C-0— H 
0 = 0-0— H 

Lactic  acid. 

Now  with  such  a substance,  if  the  carbon  atom  be 
supposed  to  occupy  the  centre  of  a tetrahedron  and 
the  four  different  groups  the  four  corners  of  the  figure, 
it  will  be  seen  that  two  arrangements  in  space — stereo- 
isomers— are  possible. 

A A 


L II. 

If  solid  models  be  made  by  thrusting  four  knitting 
needles  into  a cork  to  represent  the  central  carbon 
atom,  and  attaching  different-coloured  balls  of  wax  at 
the  ends  to  represent  the  different  groups,  it  will  be 
found  that  no  amount  of  turning  will  render  the  two 
arrangements  identical.  In  the  first  case  the  group 
D will  always  be  on  the  right  of  B,  and  in  the 
second  B wiil  be  on  the  right  of  1).  If,  however,  two 
of  the  groups  are  identical,  only  one  spacial  arrange- 
ment is  possible,  as  by  turning  IV.  round  it  is 
obvious  that  it  can  be  rendered  identical  with  III.  ; 

p 
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as,  for  instance,  when  lactic  acid  is  converted  into  pro- 
pionic acid  there  is  no  longer  an  asymmetric  carbon 
atom  present,  and  this  body  lias  no  action  on  polarised 


H— C— H 

I 

H— C— H 

0 = C— O— H 

Propionic  acid. 


This  hypothesis,  which  explains  th ; isomerism  of 
such  carbon  compounds  by  supposing  that  the  atom  of 
carbon  occupies  the  centre  of  a tetrahedron,  we  owe  to 
Le  Bel  and  van  t’  Hotf. 

Now  tartaric  acid  contains  two  asymmetiic  cai  bon 


atoms  ; 


COOH 

1 + 

H— C— O— H 


H— O— C— H 

I + 

COOH 


V. 


If  the  groups  be  arranged  as  in  V.,  the  two  halves  of 
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HO— C— H 
H — C— UO 
COOH 

VI. 


COOH 


the  molecule  will  have  a similar  COOH 

structure ; i.e.,  looking  at  the  two  I 

asymmetric  carbon  atoms  from  each 
end,  it  will  be  seen  that  the  hydro- 
gen atom  is  on  the  right  of  each 
carbon  atom.  Let  us  suppose  this 
to  be  the  dextrotartaric  acid  and 
mark  it  by  a -f.  Two  other  modi- 
fications are  possible — VI.,  this  is 
the  reverse  of  V.,  and  the  hydrogen 
atoms  are  on  the  left  of  the  carbon 
atoms,  and  this  will  be  the  constitu- 
tion of  the  Icevotartaric  acid.  The 
third  is  represented  by  VII.  : — 

In  the  top  half,  the  hydrogen  | 

atom  is  on  the  left  (looking  from  the  COOH 

top  end),  and  in  the  bottom  half,  on  vii. 

the  right  of  the  carbon  atom,  one 
half  neutralises  the  other,  and  we  have  the  inactive 
mesotartaric  acid.  Finally  racemic  acid  is  a 'mechani- 
cal mixture  of  dextro  and  Imvotartaric  acids,  V.  and 
VI.,  and  can  be  separated  mechanically  by  picking  out 
the  two  forms  of  crystals  with  a magnifying  glass, 
having  first  converted  the  racemic  acid  into  the 
sodium  ammonium  racemate. 

Similar  compounds  have  been 
asymmetric  nitrogen  atoms. 


HO— C- 

-H 

1 

+ 

1 

6 

-H 

discovered  having 
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CHAPTER  IX. 

BENZENE  DERIVATIVES,  OR  THE  AROMATIC  GROUP. 

Benzene  — Toluene  — Nitrobenzene  — Phenol  or  Carbolic  Acid — 
Sulphocarbolic  Acid— Picric  Acid— Resorcin— Essential  Oil 
of  Bitter  Almonds — Benzoic  Acid— Hippuric  Acid— Salicylic 
Acid  — Gallic  Acid  — Pyrogallic  Acid— Tannin  — Terpenes— 
Camphor. 

The  aromatic  or  dosed  chain  bodies  present  a remark- 
able contrast  in  many  of  their  reactions  and  properties 
to  the  fatty  or  open  chain  bodies  which  we  have 
discussed  in  the  previous  pages.  A s the  latter  may 
be  looked  upon  as  the  derivatives,  more  or  less  direct, 
of  marsh  gas,  so  the  aromatic  bodies  may  be  considered 
as  derivatives  of  the  hydrocarbon  benzene.  Many  of 
them  have  fragrant  odours,  as  oil  of  bitter  almonds, 
nitrobenzene,  benzoic  acid,  etc.,  hence  the  name  of 
aromatic  bodies.  The  parent  substance  benzene 
(CgHg)  is  an  eminently  unsaturated  hydrocarbon ; as 
carbon  is  a tetrad  the  six  carbon  atoms  have  twenty- 
four  points  to  which  elements  can  attach  themselves ; 
only  six  of  these  are  occupied  by  atoms  of  hydrogen. 
Several  formulae  have  been  proposed  for  benzene,  but 
the  one  usually  adopted  we  owe  to 
Kekule,  who  in  1865  proposed  his 
celebrated  ring  formula  for  ben- 
zene. According  to  this  theory  the 
six  carbon  atoms  are  supposed  to 
be  arranged  at  the  six  angles  of  a 
hexagon,  and  to  be  alternately, 
doubly  and  singly  linked.  This,  as 
will  be  seen  in  the  graphic  formula 
fifiven,  leaves  six  affinities  free  for 
the  six  hydrogen  atoms — 

Tills  formula  explains  most  of  the  reactions  of 


H 


I 

H 

Kekule’s  ring  fonnula 
for  benzene. 
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benzene ; for  instance,  as  all  the  hydrogen  atoms  are 
similarly  combined,  as  regards  the  carbon  atoms,  if  we 
replace  one  hydrogen  atom  by  chlorine  or  bromine 
(it  matters  not  which  hydrogen  atom  is  replaced),  the 
resulting  monochlorbenzene  will  be  the  same  in  every 
case ; accordingly  we  find  only  one  monochlorbenzene 
known.  If,  however,  we  replace  two  atoms  of  hydro- 
gen by  two  atoms  of  chlorine,  three  modifications,  as 
shown  below,  are  possible,  and  only  three  : 


Cl 

• 1 

Cl 

1 

Cl 

1 

c 6 2^ 

^6  2, 

II  ,1 

II  J 

II  1 

1 

1 

H 

p5  3p 

h"  '"fi 

1 

1 

H 

1 

Cl 

Dichlorbetizenes. 


Thus  numbering  the  atoms  of  carbon,  we  have  the 
chlorine  atoms  attached  to  1*2  consecutive,  1*3 
alternate,  1 ’4  opposite ; it  is  obvious  that  1 '5  is  the 
same  as  1 ’3,  and  T6  the  same  as  1*2.  Accordingly 
we  find  three,  and  only  three,  dichlorbenzenes  known. 
These  are  generally  named  1*2  ortho  (o),  1*3  meta 
(m),  and  1 *4  para  (p)  derivatives. 

In  the  same  way,  3 trichlor-,  3 tetrachlor-,  1 pen- 
tachlor-,  and  1 hexchlor-benzenes  are  possible ; in 
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eveiy  case  agreeing  with  the  number  of  derivatives 
iiitlierto  discovered. 

A second  constitutional 
formula  has  been  proposed 
by  Armstrong  and  also  by 
]>aeyer;  it  is  known  as  the 
centric  formula : it  repre-  H 

sents  the  fourth  bonds  of  the 
carbon  atoms  as  directed  in 
an  indefinite  sort  of  way  to  |_| 
the  centre  without  being  • 
actually  united. 

iSeiizeoie  (CgH^^),  often 
called  benzol  ; this  substance 
can  be  prepared — 

(i)  By  heating  acetylene 
to  redness  in  a tube  of  hard  glass. 


Centric  formula  of  benzene. 


3CoH,  = CgH, 

Acetylene.  Benzene. 

(ii)  By  distilling  benzoic  acid  with  lime. 

{cWH  + 

Benzoic  acid.  Lime.  Calcium  carbonate.  Benzene. 


(iii)  On  the  large  scale  it  is  manufactured  from 
coal  tar.  When  coal  tar  is  subjected  to  fractional 
distillation,  the  portion  which  comes  over  below  170° 
is  known  as  “light  oil;”  on  fractionating  this  light 
oil,  the  portion  which  distils  over  below  140°  contains 
the  benzene.  This  portion  is  treated  consecutively 
with  dilute  sulphuric  acid  and  with  caustic  soda,  and 
repeatedly  washed ; the  neutral  oil  is  then  distilled, 
and  the  portion  coming  over  between  80°-90°  col- 
lected ; it  is  then  cooled  to  —12°,  pressed,  and  finally 
distilled,  the  portion  boiling  80°-81°  being  almost 
pure  benzene. 


Chap.  lX.l 


Benzene. 
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Properties.  — Benzene  is  a thin,  colourless, 
limpid  liquid,  with  a peculiar  odour.  Its  sp.  gr.  is 
885  y boils  at  80 '5  \ solidifies  at  6°.  It  is  very  in- 
flammable, burning  with  a smoky  flame  on  account 
of  the  large  amount  of  carbon  it  contains.  It  is  a 
powerful  solvent  of  fats,  and  is  on  this  account  com- 
monly employed  for  removing  grease;  it  is  almost 
insoluble  in  water,  but  mixes  readily  with  alcohol 
and  ether. 

Toluene  or  methylbeiizene  (Cf-H^CH^).— 
This  body  is  commonly  known  as  toluol.  It  is 
contained  in  the  coal-tar  distillate,  and  passes  over 
between  100°  and  120°.  It  is  a liquid,  smelling 
like  benzene,  and  may  be  obtained  by  the  substitution 
of  methyl  for  chlorine  in  chlorbenzene.  This  is 
effected  by  distilling  together  chlorbenzene,  methyl 
iodide,  and  sodium. 

CgHgCl  -f  CH3I  + 2Na  = C(.H,.  CH^  + 
Chlorbenzene.  Methyl  Sodium.  Toluene, 

iodide. 

NaCl  -f  Nal 

Sodium  Sodium 

chloride,  iodide. 

IVitrobenzeiie  (CeHgNOg).— This  body  is  also 
known  as  nitrobenzol  and  essence  of  mirbane.  It  is 
obtained  by  the  action  of  strong  nitric  acid  on 
benzene,  the  mixture  being  subsequently  poured  into 
water. 

CjHj  + HNO,  = CjHsNO,  + H„0 

I’enzene.  Nitric  Nitrobenzene.  Water 

acid. 

Properties. — Nitrobenzene  is  a yellow  liquid ; 
^P*  S*'*  ^ ^ ) boiling  at  20o°  ; and  possessing  a strong 
odour  resembling  that  of  the  essential  oil  of  bitter 
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almonds^  and  is  on  this  account  used  for  flavouring 
and  perfuming.  It  is  a poisonous  substance,  and  is  ex- 
tensively employed  in  commerce  in  the  manufacture  of 
aniline  {see  page  465),  Di-nitro  (CgHj(N02)o)  and  tri- 
nitro  (CgH3(  1^02)3)  benzenes  have  also  been  j^repared. 

PliCBiol  or  carbolic  acid  (CgH-H(J). — This 
body,  which  is  the  ordinary  carbolic  acid,  is  also 
known  as  phenic  acid.  It  is  contained  in  coal  tar, 
from  which  it  is  obtained  for  commercial  purposes 
from  that  portion  of  coal  tar  distilling  between  180''^ 
and  190°,  It  may  be  obtained  in  a chemically  pure 
state  by  the  withdrawal  of  carbon  dioxide  from 
salicylic  acid,  which  is  eflected  by  heating  salicylic 
acid  with  quicklime. 


[CeHjHO 

[coho 

+ CaO  = 

CeH.HO 

+ CaCOg 

Salicylic 

acid. 

Lime. 

Carbolic 

acid. 

Calcium 

carbonate. 

Properties. — Carbolic  acid  is,  in  the  pure  state, 
a colourless  crystalline  body,  but  it  soon  assumes  a 
pink  colour.  It  is  soluble  in  15  parts  of  water, 
and  readily  soluble  in  alcohol,  ether,  and  glycerin 
{Glycerinum  acidi  carbolici).  If  solid  carbolic  acid  is 
mixed  with  a small  quantity  of  water  it  liquefies, 
100  parts  of  the  acid  and  10  parts  of  water  forming 
Aciduin  carholicum  liquefactum.  It  possesses  a 
characteristic  odour  and  taste,  somewhat  resembling 
creasote.  It  is  a powerful  antiseptic  on  account  of 
its  germicidal  properties.  It  is  a corrosive  and  irri- 
tant poison.  It  will  be  noticed  that  phenol  is  the 
hydrate  of  the  radicle  phenyl  (CgHg),  just  as  ordinary 
alcohol  is  the  hydrate  of  the  radicle  ethyl  (C2Hg) ; it 
differs,  however,  from  ordinary  alcohol  in  being  much 
more  acid  in  its  character ; thus,  it  dissolves  readily 
in  potassium  hydrate,  forming  a carbolate  or  phenate 
(CgH^OK) ; moreover,  it  does  not  contain  the  group 
(CH^HO)  characteristic  of  a primary  alcohol,  and  so 
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yields,  on  oxidation,  no  bodies  comparable  to  aldehyde 
and  acetic  acid.  On  the  other  hand,  it  is  not  a true 
acid,  as  it  does  not  contain  the  group  oxatyl  (COOH). 

Tests. — (i)  Carbolic  acid  gives,  with  bromine 
water,  a white  precipitate  of  tribromphenol 
(^6^2^^sHO).  This  constitutes  a very  delicate  test 
for  carbolic  acid,  and  is  the  best  method  for  its  detec- 
tion in  the  urine  in  cases  of  carbolic  acid  poisoning, 
and  in  cases  of  absorption  of  carbolic  acid  from 
wounds  washed  with  carbolic  acid  lotion,  (ii)  Ferric 
chloride  gives  a violet  colour  with  a solution  of  car- 
bolic acid  {see  p.  462). 

Sulphocarbolic  acid  (C^H4(H0)S03H).— This 
is  prepared  by  dissolving  carbolic  acid  in  strong  sul- 
phuric acid.  By  mixing  it  with  metallic  hydrates  or 
carbonates,  sulphocarbolates  are  formed.  Two  of 
these  salts  are  used  in  medicine,  viz.  sodium  sulpho- 
carbolate  (CgH^(H0)S03Na),  and  zinc  sulphocarbolate. 

Triiiitroplienol  or  picric  acid  (C6H2(N02)3H0). 
— This  is  obtained  by  dropping  carbolic  acid  into 
fuming  nitric  acid.  It  forms  yellow  crystals,  known 
as  carbazotic  acid  or  picric  acid;  it  is  very  bitter; 
its  salts  are  explosive;  it  is  used  as  a dye. 

Resorcin  (CgH^(HO)2). — This  body  is  dihydroxy- 
benzene.  Three  such  isomeric  bodies  exist,  according 
to  the  relative  positions  of  the  hydroxyl  groups  in  the 
benzene  ring,  viz.  (the  hydrogen  atoms  are  omitted)  : 


OH 


OH 


OH 


C 


O 


C 


II 


c 


'C 


(ortho) 

Catechol 

(or  pyrocatechin). 


(meta) 

Resorcinol. 


OH 

(para) 


Hydroquinono. 
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Of  these,  only  the  meta  derivative  is  used  in 
medicine. 

Resorcinol  or  resorcin  is  prepared  by  fusing 
benzene  disulphonate  of  potassium  with  caustic 
potash. 


P XT  (SO3K 

-b(SO,K 


+ 2KHO  = 


Potassinin  Potass!  niii 

benzene-disnlplionate.  hyclratP. 


CeH,(HO)2  + 2KoSO.^ 

Resorcin.  Polassiiim 

siilpliite. 


It  is  a white  crystalline  substance,  soluble  in  watei', 
alcohol,  and  ether.  It  gives  a dark  violet  colour 
with  ferric  chloride,  and  a white  precipitate  with 
bromine  water. 

The  para  derivative,  hydroquinone,  is  largely  used 
as  a developer  in  photography. 

Pyi’og'allol  or  pyrogallic  acid  is  a trihydroxy- 
benzene  (the  HO  groups  being  in  the  positions  1,  2,  3) ; 
it  sublimes  when  gallic  acid  is  heated. 


{ 


CeH3(HO)3 

COOH 


COo  + 


C,H3(H0)3 


It  forms  colourless,  very  light  crystals,  melting  at 
115°,  and  very  soluble  in  water;  when  mixed  with 
an  alkaline  hydrate  the  solution  absorbs  oxygen, 
rapidly  turning  almost  black. 

Benzoic  aldehyde  or  essential  oil  of  hitter 

— This  is  obtained  from  the  gluco- 

side  amygdalin  present  in  the  bitter  almond  seeds,  by 
digesting  the  bitter  almonds  with  water  and  after- 
wards distilling.  The  bitter  almond  seeds  contain  a 
ferment  emulsin  or  synaptase,  which,  in  presence  of 
water,  causes  the  amygdalin  to  decompose  into  the 
essential  oil  of  bitter  almonds,  hydrocyanic  acid,  and 
glucose. 


almonds  ^ 


CeH, 

COH 
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^20^27^^11  2HoO  — CyHgO  + HCN  -f- 

■Ajuygdalin.  Water.  Essential  oil  of  Hydrocyanic 

bitter  almonds.  acid. 

2C„H,„Oe 

Glucose. 

Tlie  essential  oil  of  bitter  almonds  therefore  con- 
tains a considerable  quantity  of  hydrocyanic  acid  (4 
to  8 per  cent.),  unless  specially  purified  from  it.  It 
may  be  freed  from  the  hydrocyanic  acid  by  distillation 
with  slaked  lime  and  ferrous  chloride,  by  which  means 
the  volatile  hydrocyanic  acid  is  converted  into  the 
non-volatile  calcium  ferrocyanide.  If  the  essential 
oil  of  bitter  almonds  is  expo.sed  to  the  air  it  absorbs 
oxygen,  the  benzoic  aldehyde  becoming  converted  into 
benzoic  acid,  which  is  deposited  as  white  crystals. 


1 COH  + ^2  - 

Benzaldehyde.  Oxygen. 


CeH. 

COHO 


Benzoic 

acid. 


TVlien  reduced  by  sodium  amalgam,  benzaldehyde 
forms  benzyl  alcohol. 


/CeH.  , H - 

\COH  + Hs  _ 

Benzaldehyde.  Hydrogen. 


I CH^HO 

Benzyl 

alcohol. 


Benzaldehyde  is  a thin,  colourless  liquid ; sp.  gr. 
1-05;  boils  at  180°;  it  does  not  reduce  Fehling’s 
copper  solution  ; it  is  much  used  for  flavouring. 

Benzoic  acid  (HC7H5O3  or  |gg^jj)._This 

acid  may  be  prepared  (i)  from  gum'  benzoin,  which 
contains  from  12  to  15  per  cent,  of  it,  by  heating  the 
crushed  benzoin,  when  the  benzoic  acid  sublimes,  or 
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more  economically  by  boiling  the  crushed  benzoin 
with  slaked  lime  and  water,  when  the  benzoic  acid  is 
extracted  as  the  soluble  calcium  benzoate. 

2HC7H5O2  -f  Ca(HO)2  = Ca(C7H50o)o  + 2HoO 

Benzoic  Slaked  Calcium  Water, 

acid.  lime.  benzoate. 


From  the  filtrate  benzoic  acid  is  precipitated  by 
the  addition  of  hydrochloric  acid. 

Ca(C7H502)2  + 2HC1  = 2HC7H5O2  + CaCb 

Calcium  Hydrochloric  Benzoic  Calcium 

benzoate.  acid.  acid.  chloride. 


(ii)  Benzoic  acid  may  be  prepared  by  the  oxida- 
tion of  oil  of  bitter  almonds  {see  above). 

(iii)  Benzoic  acid  may  also  be  obtained  from 
hippuric  acid,  which  can  be  extracted  from  the  urine 
of  cows  or  horses,  by  boiling  that  acid  with  hydro- 
chloric acid,  when  it  takes  up  a molecule  of  water. 


/CH2(NHC7H50) 

\COOH 

Hippuric 

acid. 


+ H,0  = 

Water. 

HC7H5O2 

Benzoic  acid. 


rCH,(NHo) 

\co6h 

Amidoacetic 

acid. 


+ 


(iv)  By  the  action  of  sodium  and  carbon  dioxide 
on  monobrombenzene. 

CgH^Br  -t-  2Na  -f  COg  = NaBr  + 

Brombenzene.  Sodium.  Carbon  Sodium 

dioxide.  bromide. 

{ COONa 

Sodium 

benzoate. 

Benzoic  acid  forms  glistening  crystals  with  a 
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characteristic  odour,  slightly  soluble  in  water,  melting 
at  120°,  subliming  at  125°.  The  vapour  produces 
violent  coughing. 

Ferric  chloride  gives  a flesh-coloured  precipitate 


with  a benzoate. 

Salicylic  acid  or  liydroxytoenzoic  acid 


CeH,(HO) 

COOH 


y — Two  kinds  of  salicylic  acid  occur  in 


commerce,  namely,  the  natural  and  artificial  sali- 
cylic acids.  The  natural  salicylic  acid  is  obtained 
from  oil  of  winter  green  or  methyl  salicylate,  by  distil- 
ling it  with  caustic  soda,  when  methyl  alcohol  distils 
over  and  sodium  salicylate  is  left  behind.  If  the 
sodium  salicylate  is  dissolved  in  water,  salicylic  acid 
can  be  precipitated  by  the  addition  of  hydrochloric 
acid  to  the  solution.  Artificial  salicylic  acid  is 
prepared  from  carbolic  acid.  As  ordinary  phenol 
sometimes  contains  cresol,  the  poisonous  creosotic 


raH.CHoHO 


is  simultaneously  formed,  so  that 


the  natural  salicylic  acid  is  preferable  for  medical 
purposes.  It  will  be  seen  that  if  carbon  dioxide  is 
added  to  the  molecule  of  carbolic  acid,  salicylic  acid  is 


produced ; thus : 


CeHgO  -h  CO2 

Carbolic  Carbou 

acid.  dioxide. 


Salicylic 

acid. 


This  is  eflected  by  converting  the  carbolic  acid  into 
sodium  carbolate  by  the  addition  of  caustic  soda,  and 
then  heating  the  sodium  carbolate  in  a stream  of  carbon 
dioxide  at  200°,  when  it  becomes  converted  into 
sodium  salicylate. 

CgH^NaO  + CO2  = NaC^HsOg 

Sodium  Carbon  Sodium 

carbolate.  dioxide.  salicylate. 


462 


Chemistry. 


[Part  IV. 


Saiicylic  acid  is  precipitated  from  an  aqueous 
solution  of  the  sodium  salicylate  by  the  addition  of 
hydrochloric  acid. 

Properties. — Salicylic  acid  is  a white  solid,  free 
from  smell,  slightly  soluble  in  cold  water  and  readily 
solnble  in  hot  water,  alcohol,  and  ether.  It  is  an 
antiseptic.  It  is  largely  used  in  medicine  in  the  form 
of  its  sodium  salt,  the  preparation  of  which  has  been 
described  in  the  two  processes  given  above. 

Tests. — (i)  A solution  of  salicylic  acid  gives, 
with  ferric  chloride,  a violet  colour,  (ii)  Salicylic 
acid,  heated  with  quicklime,  evolves  the  odour  of 
carbolic  acid,  the  quicklime  extracting  the  carbon 
dioxide  from  the  salicylic  acid,  and  so  reducing  it  to 
carbolic  acid,  (hi)  With  strong  sulphuric  acid  and  a 
little  potassium  nitrite  solution,  a permanent  red 
colour  is  produced  (phenol  gives  a red  colour,  which 

turns  through  green  to  blue). 

Oallic  acid  or  tri-liydi’oxybenzoic  acid, 


or  di-liydi’oxysalicylic 


acid 


C,H,(H0)3X 
COHO  /• 


Gallic  acid  occurs  in  small  quantity  in  oak  galls,  but 
is  generally  prepared  from  tannic  acid  by  the  union  of 
that  body  with  the  elements  of  water.  As  tannic  acid 
is  contained  to  a considerable  extent  in  oak  galls, 
gallic  acid  is  prepared  by  boiling  the  crushed  galls 
with  dilute  sulphuric  acid  for  about  half  an  hour,  when 
the  tannin  unites  with  the  elements  of  water  and  forms 
gallic  acid.  If  the  liquid  is  filtered  while  hot,  it 
deposits  crystals  of  gallic  acid  on  cooling. 

Test A solution  of  gallic  acid  gives,  with  ferric 

chloride,  a bluish-black  precipitate  of  ferric  gallate. 

I'aiiiiiii  or  tannic  acid  (Ci^H^QCIg). — This 
substance  is  a constituent  of  oak  galls,  from  which  it  is 


obtained  by  macerating  the  galls  in  a mixture  of  ether, 
alcohol  and  water.  The  strained  aqueous  liquor,  it 
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evaporated,  deposits  tannin.  The  relationship  of 
tannin  to  gallic  acid  is  represented  in  the  following 
equation,  which  shows  that  two  molecules  of  gallic 
acid,  deprived  of  one  molecule  of  water,  yield  tannin. 


2C7H6O5  HgO  Cj4Hjq09 

Gallic  acid.  Water.  Tanniu. 

Tests. — (i)  solution  of  tannic  acid  gives, 

with  ferric  chloride,  a dark  bluish-black  precipitate  of 
ferric  tannate  resembling  in  appearance  the  precipitate 
of  ferric  gallate.  (ii)  An  aqueous  solution  of  tannin 
precipitates  an  aqueous  solution  of  gelatine.  This 
test  serves  to  distinguish  tannic  acid  from  gallic  acid, 
as  the  latter  does  not  precipitate  gelatine. 

Terpenes. 

Terpenes  of  the  formula  are  isomeric  hydro- 

carbons  occurring  as  volatile  oils  in  plants,  from  which 
they  may  be  obtained  by  a process  of  distillation. 
The  commonest  terpene  is  oil  of  turpentine  ; other 
terpenes  isomeric  with  this  are  the  volatile  or  essential 
oils  of  lemon,  orange,  citron  and  bergamot. 

essential  oil  of  turpentine  (C^QH^g)  is  also 
known  as  oil  of  turpentine,  spirits  of  turpentine,  tur- 
pentine, and  ‘‘turps.”  It  is  prepared  by  distillation 
from  the  crude  turpentine  or  oleo-resin,  obtained  from 
various  species  of  pine  trees ; the  volatile  oil  of  tur- 
pentine distilling  over,  common  resin  is  left  in  the 
retort. 

Camphor  (C^QHigO).  — This  substance  is  a 
partially-oxidised  terpene  ; ic  is  a solid  volatile  sub- 
.stance  obtained  from  the  camphor  plant. 
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AMINES,  AMIDES,  AMIDO  ACIDS,  ALKALOIDS. 

Amines:  Trimcthylaniinc — Anilin.  Amides:  Acetamide — Urea — 
Uric  Acid.  Amido  Acids  : Glycocine — Hippuric  Acid — Glyco- 
cholic  Acid — Sarcosine — Tyrosine — Leucine.  Vegetable  Alka- 
loids— Animal  Alkaloids. 

Amines. 


An  amine  may  be  regarded  as  ammonia,  in  which  one, 
two,  or  three  atoms  of  hydrogen  have  been  replaced 
by  unoxidised  radicles,  such  as  methyl,  ethyl,  phenyl, 
etc.  ; or  it  may  be  looked  upon  as  derived  from  a 
hydrocarbon  by  replacing  an  atom  of  hydrogen  by  the 
amido  group  (NHo)  ; thus,  from  benzene  we 

obtain  anilin  (CeH^NH,). 

A primary  amine  is  one  produced  by  the  displace- 
ment of  one  atom  of  hydrogen  of  the  ammonia  by  an 
alcohol  radicle  ; a secondary  amine  by  the  displace- 
ment of  two  atoms  of  hydrogen  ; a tertiary  amine  by 
the  displacement  of  all  the*'  hydrogen.  Thus  : — 


Primary. 

(CH3 

H 

(H 

Methylaniine. 


Secondary. 

(CH3 
N . CH3 

|h 

Dimethylamine. 


Tertiary. 

(CH3 

NICH3 

ICH3 

Trimetliylamine. 


Very  few  of  the  amines  have,  at  present,  any  medical 
interest.  They  closely  resemble  in  their  general  pro- 
perties ammonia.  Thus,  they  have  a strong  odour 
and  alkaline  action ; they  combine  with  acids  to 
form  salts  and  give  precipitates  with  platinum 
chloride.  Their  vapours  burn  in  the  air. 

{ 

Ti’iiiiethylainiiie  I N < CH3  1 is  a body  with  a 

V I CH3/ 

strong  fishy  odour,  and  is  contained  in  herring-brine. 
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An/l/n. 


4(^S 

Tlie  amines  are  prepared  by  digesting  the  iodides 
of  tlie  radicdes,  in  sealed  tubes,  with  alcoholic  am- 
monia, at  100°. 

NHg  + C3H5I  = NHgOgHjHI 

Aimuouia.  Ethyl  iodide.  Ethylamine  hydriodide. 

On  boiling  the  hydriodide  with  caustic  potash  the 
amine  is  set  free. 

( ( c„ha 

Aiiiliii,  or  plieiiylaminc  ( N < H ). — This 

\ I H / 

important  amine  is  prepared  by  the  action  of  reducing 
agents  on  nitrobenzene  (CgH5N02)  ; this  is  generally 
carried  out  by  exposing  nitrobenzene  to  the  action  of 
iron  filings  and  acetic  acid. 

( CoH, 

+ 3H3  = N j H + SHjO 

Nitrobenzene.  Hydrogen.  Anilin.  Water. 

Anilin,  when  first  prepared,  is  a colourless  liquid, 
boils  at  184-5°,  specific  gravity  1-036;  it  gradually 
assumes  a brownish  colour  on  exposure  to  air. 
Anilin  is  a powerful  base.  When  acted  upon  by 
oxidising  substances  it  furnishes  a number  of  coloured 
bodies,  w-ell  known  as  anilin  dyes. 

Heated  with  solid  mercuric  chloride,  anilin  forms 
a dark  red  mass,  soluble  in  alcohol  to  a magenta- 
coloured  solution. 

Heated  with  chloroform,  alcohol,  and  caustic 
potash,  a body  of  extremely  disagreeable  odour  is 
produced — phenyl  isocyanide  (CgH^N  C)  ; this  can  be 
used  as  a test  for  chloroform  or  anilin. 

Amides. 

All  amide  may  be  regarded  a?!  ammonia  in  which 
one  or  more  atoms  of  hydrogen  have  been  replaced  by 
the  acid  or  oxidised  radicles,  as  acetyl  (C3H3O),  or 
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they  may  be  considered  as  acids  in  which  one  or  more 
hydroxyl  groups  (HO)  have  been  replaced  by  amido 

aCH  \ 
oooh) 

have  acetamide  )>  from  carbonic  acid 


(CO|ho)>  carbamide  They  can 

^ N.  2 

be  prepared  from  the  ammonium  salts  of  organic  acids 
by  the  abstraction  of  water ; thus  : 

( aHgO 
N ^ H 
(H 

Water.  Acetamide. 


NH^CoH.O,  - HoO  = 


Ammonium  acetate. 


They  are  also  obtained  by  the  action  of  ammonia  on 
acid  chlorides  ; thus  : 

NH3  + C.HgOCl  = C2H3ONH2  + HCl 

Ammonia.  Acetyl  Acetamide.  Hydrochloric 

• chloride.  acid. 

They  are  usually  neutral  bodies  combining  with  both 
bases  and  acids. 

Acetamide  is  a colourless,  crystalline  solid,  melt- 
ing at  81°,  boils  at  222°.  Prepared  as  above,  it 
usually  has  an  intolerable  odour  of  mice ; it  is  soluble 
ill  water  and  alcohol. 

Carbamide  or  urea. — This  important  substance 
has  already  been  described  in  Chapter  III.  in  connec- 
tion with  the  cyanates  (see  p.  374). 

Uric  acid  (C5H^1S'^03),  or 

NH.CO.C.  NH 
CO<  11  >CO; 

NH C.  NH 


formerly  also  called  lithic  acid,  is  a normal  con- 
stituent of  the  urine.  Sodium  hiurale  constitutes  the 
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gouty  concretions  in  joints  known  as  chalk  stones. 
Aniinonium  urate  is  the  chief  constituent  of  the  solid 
excrement  of  snakes. 

Uric  acid  can  be  prepared  from  urine  by  acidify- 
ing with  hydrochloric  acid,  when  the  uric  acid  separates 
out  in  crystals.  It  can  be  obtained  in  a purer  state 
by  boiling  boa’s  excrement  with  potash,  filtering  and 
pouring  the  filtrate  into  dilute  hydrochloric  acid,  when 
the  uric  acid  is  precipitated  as  a white  powder.  It  has 
also  been  prepared  artificially  by  heating  glycol  with 
urea.  It  is  not  a true  acid,  as  it  does  not  contain  the 
oxatyl  group,  but  it  acts  like  a weak  dibasic  acid.  It 
is  almost  insoluble  in  water.  The  acid  is  soluble  in 
caustic  potash  and  caustic  soda.  It  is  closely  related 
to  the  alkaloids,  theobromine  and  theine. 

Test.— If  a few  drops  of  strong  nitric  acid  be 
added  to  some  solid  uric  acid  in  a dish,  and  heat  gently 
applied  until  all  the  nitric  acid  be  driven  off,  a'reddish 
coloured  residue  (alloxan)  will  be  left.  If,  when  the 
dish  is  cold,  a few  drops  of  solution  of  ammonia  are 
added  to  this,  a beautiful  crimson  purple  colour  is 
developed,  due  to  the  production  of  murexid  by  the 
action  of  the  ammonia  on  alloxan.  This  test  for  uric 
acid  is,  on  this  account,  known  as  the  murexid  test. 


Ami  DO  Acids. 

The  amido  acids  are  acids  in  which  the  hydrogen 
or  hydroxyl  of  the  acid  has  been  replaced  by  the  amido 

group  (NHp);  thus,  from  acetic  acid  (|qo6ii) 
we  have  gly cocoll  (|qoO^^)>  oxalic  acid 

({cooh)  ({coohO' 

Olycociiie,  glycine,  glycocoll,  or  amido- 


acctic  acid 


( { 
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obtained  by  the  action  of  ammonia  on  chloracetic 
acid. 


(OHo.Cl 

(COOH 

Chloracetic 

acid. 


+ NH, 


Ammonia. 


CH,(NH2) 

COOH 

Amidoacetic 

acid. 


+ HCl 

Hydro- 
chloric acid. 


Glycocine  enters  into  the  composition  of  hippuric 
acid  and  of  glycocholic  acid,  one  of  the  bile  acids.  It 
is  a solid  crystalline  substance  with  a sweetish  taste, 
soluble  in  water. 

Hippuric  acid  is  benz- 

amidoacetic  acid,  and  is  resolved  by  boiling  with  strong 
hydrochloric  acid  into  benzoic  acid  and  glycocine  {see 
benzoic  acid,  page  459).  It  can  be  prepared  from 
cows’  and  horses’  urine  by  boiling  with  lime,  filtering 
and  pouring  the  filtrate  into  hydrochloric  acid. 

Olycocliolic  acid,  present  as  sodium  glyco- 
cholate  in  bile,  is  a compound  of  glycocine  and  cholic 
acid  j by  boiling  glycocholic  acid  with  hydrochloric 
acid  it  splits  up  into  glycocine  and  cholic  acid. 

Sarcosiiie  or  metliyl-  / f CH2(NH.CH3)  \ 
glycocine  V ) COOH  /’ 

This  body  is  glycocine,  from  which  one  atom  of 
hydrogen  of  the  amidogen  has  been  displaced  by 
methyl.  Since  glycocine  is  prepared  by  acting  on 
chloracetic  acid  wuth  ammonia,  so  sarcosine  may  be 
made  by  acting  on  chloracetic  acid  with  methylamine, 
that  is,  with  ammonia  from  which  one  atom  of  hydro- 
gen has  been  displaced  by  methyl. 


|CH.C1 
I COOH 

Chloracetic 

acid. 


-p  NH2.CH3  = 

Methylamine. 


fCH,(NH.CH3) 

ICOOH  + 

Sarcosine. 


HCl 

Hydrochloric  acid. 
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Sarcosine  is  Jiot  met  with  in  the  animal  body,  but 
is  a product  of  the  decomposition  of  creatine. 

Tyrosine  (CgH-ii^NOg). — This  body  consists  of 
ainido-propionic  acid  irom  which  one  atom  of  hydiogen 
of  the  amidogen  has  been  displaced  by  the  radicle 
hydroxyphenyl  (CgH^HO). 

rCoH,(NHo.)  rCoH^CNH.CgH^HO) 

IcbOH  ICOOH 

Amido-propioiiic  Tyrosine, 

acid. 

• 

Tyrosine  is  occasionally  found  in  the  urine  together 
with  leucine  in  connection  with  certain  diseases  of  the 
liver  ; they  are  also  both  found  among  the  products  of 

pancreatic  digestion.  /'vtxt  \ 

Leucine  or  ainido  / | 

caproic  acid  V ( COOH  / 

body  consists  of  caproic  acid  (|qqq%)’ 

molecule  of  which  one  atom  of  hydrogen  has  been 
displaced  by  amidogen.  It  is  obtained  by  the  action 
of  ammonia  on  bromo-caproic  acid. 


(C,H,o.Br 

(COOH 

Bromo-caproic 

acid. 


+ NH3 

Ammonia. 


ICOOH  ^ 

Leucine.  Hydrobromic 

acid- 


Leucine  is  occasionally  found  in  the  urine  in  con- 
nection with  certain  diseases  of  the  liver ; it  is  one  of 
the  antecedents  of  urea. 


Vegetable  Alkaloids. 


These  bodies  are  organic  bases,  resembling  the 
alkalies  in  their  properties  of  turning  red  litmus  paper 
blue  and  of  uniting  with  acids  to  form  salts ; hence 
the  derivation  of  the  name  “alkaloid,”  ivom  alkah, 
and  elSos,  likeness.  All  alkaloids  contain  nitrogen, 
and  are,  in  fact,  derivatives  of  ammonia,  the  hydrogen 
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of  which  has  been  partially  or  entirely  displaced  by 
various  radicles.  Alkaloids  unite  with  acids  to  form 
crystalline  salts. 

Most  of  the  alkaloids  are  solid,  crystalline,  and 
non-volatile.  Two,  conine  and  nicotine,  which  contain 
no  oxygen,  are  volatile  liquids.  A few  have  been  pre- 
pared synthetically,  as  muscarin,  conine,  theobromine, 
and  thein,  but  the  constitution  of  the  majority  of  the 
alkaloids  is  unknown. 

Some  are  believed  to  be  derivatives  of  pyridine, 
a liquid  found  in  coal  tar  and  in  bone  oil.  Its  con- 
stitution may  be  considered  as  benzene,  in  which  one 
of  the  CH  groups  is  replaced  by  nitrogen. 

H 


Pyridiue. 

Some,  as  the  quinine  alkaloids,  are  closely  con- 
nected with  quinolin,  an  oil  also  found  in  coal  tar  and 
bone  oil,  which  may  be  looked  upon  as  two  benzene 
rings,  having  two  carbon  atoms  in  common,  in  which 
one  CH  group  has  been  replaced  by  one  atom  of 
nitrogen. 

ri  H 


I 

I 

H 


Quinolin. 


^ MUSCARIN ; CONINE  ; THEOBROMINE.  47  T 

ITliiscai’iii  (CgH^gNO'g)  is  the  alkaloid  contained 
in  the  poisonous  mushroom,  the  jiy  agaric.  It  is  also 
formed  under  certain  conditions  in  putrefying  animal 
tissues,  so  that  it  may  be  classed  as  an  animal  alkaloid, 
or  'ptoma/ine.  It  has  been  prepared  artificially  from 
cholin  by  the  action  of  nitric  acid.  Cholin  may  be 
considered  as  ammonium  hydrate  in  which 

tliree  atoms  of  hydrogen  are  replaced  by  three  methyl 
(CH.^)  groups,  and  the  fourth  by  hydroxyethyl 
(C0H4HO).  Thus,  the  constitutional  formula  of  cholin 
is  "N(CH3)3(CoH^HO)HO.  By  the  action  of  nitric 
acid  the  hydroxyethyl  is  converted  into  dihydroxy- 
ethyl  (CoH3(HO)o),  so  that  the  formula  of  muscarin 
is  N(CH3)3(C2H3(HO)o)HO. 

C'oiiiiie  (CgHjyN)  is  contained  in  the  seeds  of  the 
hemlock,  from  which  it  can  be  obtained  by  distillation 
with  caustic  soda  ; it  is  a colourless  oil,  boiling  at  167° 
and  readily  soluble  in  water.  It  has  been  prepared 
artificially  and  shown  to  be  a propyl  (C3Hy)  derivative 
of  piperidine  (a  substance  occurring  in  pepper),  and 
to  have  the  constitution — 


H' 


H H 


'H 


H- 


H 


I 

H 

Conine. 


'C3H, 


Tlieobromine  (C^HgN^Oo)?  thein,  or  caffeiii 

(CgH^QN^02). — Tliese  alkaloids  can  be  prepared  from 
uric  acid,  the  constitution  of  which  was  given  in  the 
previous  chapter  (page  466).  Theobromine  is  the 
essential  alkaloid  in  cocoa.  Thein  and  caffein  (which 
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seem  to  be  identical)  are  found  in  tea  and  coffee. 
If  uric  acid  be  treated  with  sodium  amalgam,  one 

O 7 

atom  of  oxygen  is  replaced  by  an  atom  of  hydrogen 
and  an  atom  of  hydrogen  is  renioved,  a new 
substance,  xanthin,  being  formed. 

HgO  + 

Uric  acid.  Water.  Xanthin. 

By  subjecting  xanthin  to  a well-known  process,  two 
atoms  of  hydrogen  are  replaced  by  two  methyl  (CHg) 
groups,  and  we  have  dimethylxanthin  or  theobromine 
(05112(0113)211402)  ; by  repeating  the  process  another 
hydrogen  is  similarly  replaced  and  trimethylxanthin 
or  thein  (0511(0113)311402)  is  formed. 

Alkaloids  whose  constitution  is,  at  present,  unknown. 

Morphine  or  morphia  (Cj^Hjg  NO,,  H3O).- 
This  alkaloid  exists  in  opium  in  combination  with 
meconic  acid  as  meconate  of  morphine ; a fair  sample 
of  opium  contains  from  8 to  12  per  cent,  of  mor- 
phine. It  is  extracted  by  the  following  process : 

(i)  The  opium  is  macerated  in  water  and  ex- 
hausted by  percolation,  by  which  means  an  aqueous 
extract  of  the  meconate  of  morphine  is  obtained. 

(ii)  To  this  aqueous  extract  calcium  chloride  is 
added,  when  the  meconic  acid  is  precipitated  as 
calcium  meconate,  the  soluble  hydrochlorate  of  mor- 
phine remaining  in  solution. 

(hi)  The  liquid  is  filtered,  and  the  filtrate,  con- 
taining the  hydrochlorate  of  morphine,  is  decolorised 
by  boiling  with  animal  charcoal. 

(iv)  The  liquid  is  filtered  from  the  animal  char- 
coal, and  evaporated  to  a low  bulk ; it  is  then  set 
aside  to  cool,  when  it  deposits  crystals  of  the  hydro- 
chlorate of  morphine. 

(v)  To  obtain  the  free  alkaloid,  solution  of  am- 
monia is  added  to  a strong  aqueous  solution  of  the 
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bydrochlorate,  when  the  morphine  is  thrown  clown 
as  a white  precipitate,  the  ammonia  uniting  witli  the 
hydrochloric  acid. 

Moi'pliiiic  liydroelilorate  or  liydrocliloratc 
or  moi-pliia  (C17H19NO3,  HCl).— This  compound  is 
prepared  in  tlie  process  just  described. 

Morphine  acetate  or  acetate  of  morphia 

(Ci^HjgNOg,  CgH^Oo). — This  compound  is  prepared  by 
dissolving  the  free  alkaloid  (precipitated  by  ammonia 
from  the  hydrochlorate)  in  acetic  acid.  Morphine 
acetate  is  the  salt  generally  employed  for  hypodermic 
injection. 

Tests  for  morphine — (i)  Ferric  chloride  gives, 
with  a neutral  solution  of  a morphine  salt,  a dingy 
blue  colour.  In  the  cases  of  the  acetate  and 
meconate  of  morphine,  this  blue  colour  is  more  or  less 
neutralised  by  the  production  of  the  red  colour  that 
ferric  chloride  gives  with  an  acetate  and  meconate. 

(ii)  Strong  nitric  acid  gives  an  orange-red  colour 
with  morphine  and  its  salts ; this  colour  can  also  be 
obtained  by  the  addition  of  sufficient  nitric  acid  to 
a strong  solution  of  a morphine  salt. 

(iii)  Sulphomolybdic  acid  (made  by  warming 
strong  HgSO^  with  a little  solid  AmgMoO^),  rubbed 
with  morphine  or  any  of  its  salts  in  the  solid  state, 
gives  a dark  crimson  colour,  changing  after  a short 
time  to  a sapphire  blue ; this  constitutes  a very 
delicate  test  for  morphine. 

Detection  of  opium — Apart  from  its  charac- 
teristic smell,  analytical  evidence  of  the  presence  of 
opmm  is  gained  by  obtaining  the  reactions  for  mor- 
phine (as  detailed  above)  and  for  meconic  acid.  The 
reaction  for  meconic  acid  is  that  it  gives  a blood-red 
colour  with  ferric  chloride,  which  colour  is  not  dis- 
charged either  by  the  addition  of  hydrochloric  acid 
or  of  solution  of  mercuric  chloride ; hence  distin- 
guishing it  from  similar  red  colours  given  by  ferric 
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chloride  with  acetates  and  sulphocyanides  {see  pages 

372,  436). 

Apomorpliine  (Cj^HiyNOg). — The  molecule  of 
this  body  differs  from  that  of  morphine  by  containing 
one  molecule  of  water  less.  It  is  prepared  by  heating 
morphine  with  strong  hydrochloric  acid,  when  the 
elements  of  water  are  withdrawn  from  the  morphine, 
and  the  hydrochlorate  of  apomorpliine  remains.  This 
alkaloid  possesses  entirely  different  physiological  pro- 
perties to  those  of  morphine  ; it  irj  a very  powerful 
and  rapid  emetic,  and  has  none  of  the  narcotic  pro- 
perties of  morphine  and  its  salts. 

Codeine  (C^gH2^N03,  H^O). — This  is  one  of  the 
alkaloids  of  opium  ; it  is  closely  related  to  morphine, 
being  methyl-morphine  ; that  is,  it  consists  of  mor- 
phine, from  the  molecule  of  which  one  atom  of  hydro- 
gen has  been  displaced  by  the  radicle  methyl,  as 
shown  in  the  following  formulie  ; 

Morphine — C17H19N O3,  HgO 

Codeine  or  methyl-morphine- -Cj7H;8(CH3)N03,  HgO. 

Quinine  or  qiiinia  (CooH2_^lSr30o,  3HoO). — This, 
together  with  other  alkaloids,  exists  in  the  different 
cinchona  barks  in  combination  with  kinic  acid.  It  is 
extracted  by  the  following  process  : 

(i)  The  powdered  cinchona  bark  is  exhausted  by 
percolation  with  water  acidulated  with  hydrochloric 
acid,  by  which  means  the  quinine  is  removed  in  solu- 
tion as  hydrochlorate  of  quinine. 

(ii)  The  solution  is  decolorised  by  means  of 
animal  charcoal. 

(iii)  The  quinine  is  precipitated  from  the  solu- 
tion of  the  hydrochlorate  by  the  addition  of  caustic 
soda,  which  sets  free  the  quinine  as  a white  precipi- 
tate, by  uniting  with  the  hydrochloric  acid  to  form 
sodium  chloride. 
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Siilpimte  of  quinine.  — This  is  the  form  in 
which  quinine  is  generally  employed  in  medicine  ; it 
is  made  by  dissolving  the  precipitated  quinine  in  dilute 
sulphuric  acid.  The  commercial  sulphate  of  quinine, 
or  disuli-)hate  of  qimime,  as  it  is  sometimes  called,  has 
the  composition  (CooHo4N205,)2,  HgSO^ ; it  is  only 
slightly  soluble  in  water,  but  may  be  readily  dissolved 
by  the  addition  of  a little  dilute  sulphuric  acid,  which 
forms  the  so-called  neutral  or  soluble  sulphate 
(aoHo^N^Oo,  H0SO4). 

Tests  for  qnsniiie. — (i)  If  to  a solution  of  a 
quinine  salt  some  chlorine  water  and  then  solution 
of  ammonia  be  added,  a green  colour  will  be  pro- 
duced. 

(ii)  If  the  above-mentioned  test  be  repeated, 
adding  some  potassium  ferrocyanide  solution  before 
the  addition  of  the  ammonia,  a red  colour  will  be 
produced. 

Cinchonine,  cinchonidine,  and  quinidine  are  alka- 
loids also  present  in  cinchona  barks. 

StrycBiiiiwe  or  strychnia  (CoiHo^NgOo). — This 
alkaloid  exists  in  nux  vomica  seeds  in  combination 
with  igasuric  acid  as  strychnine  igasurate ; another 
alkaloid,  brucine  or  hrucia,  is  also  present  in  the  seeds 
as  brucine  igasurate. 

Strychnine  is  extracted  by  the  following  process  : 

(i)  The  crushed  seeds  are  exhausted  by  macera- 
tion and  percolation  with  rectified  spirit,  and  from  the 
tincture  so  obtained  the  spirit  is  recovered  by  dis- 
tillation. 

(ii)  The  soft  extract  left  after  the  recovery  of  the 
spirit  is  mixed  Avith  water,  to  precipitate  resinous 
matters,  and  acetate  of  lead  added  to  throw  down 
colouring  matter  and  igasurate  of  lead,  acetate  of 
strychnine  being  left  in  solution. 

(hi)  The  liquid  is  filtered  from  precipitated 
matters,  and  the  filtrate  is  concentrated  by  evapora- 
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tion  ; on  the  addition  of  ammonia,  stryclinine  is  pre- 
cipitated, together  witli  brucine. 

(iv)  To  separate  the  brucine  from  the  strychnine 
tlie  precipitate  is  dissolved  in  alcohol,  and  the  solution 
is  evaporated  to  a low  bulk  ; on  setting  it  aside  to  cool 
the  strychnine  crystallises  out,  leaving  the  more 
soluble  brucine  in  solution  in  the  mother  liquid. 

Test  for  strychnine. — If  a little  strong 
sulphuric  acid  be  added  to  a fragment  of  strychnine 
placed  on  a white  porcelain  dish  or  plate,  and  the 
mixture  be  touched  with  a glass  rod  dipped  in  a 
solution  of  potassium  bichromate  in  strong  sulphuric 
acid  (made  by  adding  a crystal  or  two  of  the  bichromate 
to  a few  drops  of  sulphuric  acid),  a beautiful  dark 
purple  or  violet  colour  will  be  developed,  fading  after 
a short  time  to  a pale  red  colour. 

Brucine  or  torncia  (OogHgeNgO^).— The  sepa- 
ration of  this  alkaloid  from  strychnine  has  been 
described  in  the  process  just  given. 

Test  for  brucine* — Strong  nitric  acid  gives  a 
bright  blood-red  colour  with  brucine  and  its  salts. 

Rarer  alkaloids. — Aconitine,  atropine,  cocaine, 
hyoscyamine,  veratrine,  etc.,  are  prepared  by  separate 
processes,  for  a description  of  which  the  student  is  re- 
ferred to  the  British  Pharmacopoeia(1885).  These  rarer 
alkaloids  are  not,  however,  always  prej^ared  by  the 
lengthy  official  processes  of  the  B.  P.  ; they  may  be 
obtained  by  the  following  general  method  : 

Ocneral  process  for  the  extraction  of 
alkaloids. — (i)  The  crushed  roots,  bark,  leaves, 
fruits,  or  seeds  are  exhausted  by  maceration  and 
percolation  with  alcohol  containing  tartaric  acid  ; 
tartrates  of  the  alkaloids  being  soluble  in  alcohol. 

(ii)  The  alcohol  is  recovered  by  distillation,  and 
the  soft  extract  left  is  mixed  with  water  to  precipitate 
resinous  matters. 

(iii)  The  liquid  is  filtered  from  precipitated 
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resinous  matters,  and  tlie  alkaloid  precipitated  by  the 
addition  of  sodium  carbonate. 

(iv)  The  precipitated  alkaloid  is  purified  by  solu- 
tion in,  and  crystallisation  from,  a suitable  solvent, 
such  as  ether,  chloroform,  or  alcohol.  If  necessary, 
, colouring  matter  is  removed  from  the  alkaloid  by 
means  of  animal  charcoal. 

Liquid  volatile  alkaloids Conine  (con- 

tained in  the  conium  or  hemlock  plant),  nicotine 
(contained  in  tobacco),  and  pilocarpine  (contained  in 
jaborandi  leaves)  are  liquid  volatile  alkaloids  ; they 
may  all  be  prepared  by  distilling  the  part  of  the 
plant  containing  the  alkaloid  with  a dilute  solution 
of  ^ caustic  potash,  when  the  alkaloid  is  set  free,  and 
being  volatile  distils  over. 


Ptomaines  or  Animal  Alkaloids. 

Ptomaines  are  alkaloids  produced  by  the  decom- 
position of  animal  substances.  The  word  'ptomaine, 
which  is  derived  from  7rra)^a,  a corpse,  and  imis, 
belonging  to,  was  at  first  restricted  to  alkaloids 
produced  by  cadaveric  decomposition  ; it  is  now  also 
employed  to  designate  alkaloids  of  animal  origin 
formed  during  life  as  the  result  of  chemical  changes 
induced  by  some  agency  or  other  acting  within  the 
organism. 

At  the  beginning  of  the  last  century  the  formation 
of  alkaloids  by  plants  was  clearly  established ; but 
until  1872  the  power  of  producing  alkaloids  was 
believed  to  be  restricted  to  plants,  and  not  to  be 
shared  by  animal  organisms.  Gautier,  as  the  result  of 
his  researches  on  putrefying  albuminous  substances, 
was  the  first  to  clearly  establish  the  fact  that  plants 
possess  no  monopoly  of  producing  alkaloids,  but  that 
this  productive  power  is  equally  shared  by  animal 
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substances.  The  various  forms  of  a]t)umen  are  the 
common  ancestors  of  alkaloids,  whether  animal  or 
vegetable ; and  it  is  by  various  changes  in  the 
albumen  molecule  that  animal  alkaloids  are  pro- 
duced. 
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CHAPTER  XT. 

GLUCOSIDES  — RARER  ORGANIC  SUBSTANCES  USED 

IN  MEDICINE. 

Glucosides  : Aniygdalin — Cathartic  Acid — Colocynthiu — Digitalin 
— Indican  — Jalapin  — Myronic  Acid  — Salicin  — Santonin. 
Rarer  Organic  Substances  used  in  Medicine : Acetanilide  (Anti- 
febrin) — Antipyriu — Argyrol — Aspirin — Benzosol — Chinosol — 
Cryogenin — Guaiacol  — Heroin — Hypnone — Iclithyol  — Ichtlio- 
form — lodol — Mesotan — Naplithalene — /3-Naphthol — Pheiiace- 
tine — Protargol — Saccharin  — Salol  — Sulphonal — Urethane — 
Urosin — Urotropiue — Veronal. 

GLUCOSIDES. 

These  are  certain  organic  substances  (nitrogenous  or 
non-nitrogenoiis)  derived  from  plants,  and  splitting 
up,  when  boiled  with  dilute  sulphuric  acid,  or  under 
the  iiiHuence  of  a ferment,  into  glucose  and  some  other 
substance  or  substances. 

Aiiiyg:€laliii  (CooHoyNO^;^).  — This  is  a white  crys- 
talline substance  present  in  bitter  almond  seeds,  cherry 
laurel  leaves,  and  the  kernels  of  peaches,  cherries,  etc. 
Amygdalin  is  resolved,  by  boiling  with  dilute  sulphuric 
acid,  into  essential  oil  of  bitter  almonds  (benzoic  alde- 
hyde), hydrocyanic  acid,  and  glucose.  The  same 
change  is  also  produced  by  the  action  of  a ferment 
named  emulsin  or  sy7iaptase,  which  is  present,  together 
with  amygdalin,  in  bitter  almond  seeds,  cherry  laurel 
leaves,  and  the  kernels  of  peaches,  cherries,  etc. 
This  ferment  is  unable  to  act  upon  the  amygdalin 
unless  dissolved  in  water. 

C00H27NO11  + 2H2O  = C.^H60  + HON  + SCgHigOg 

Amygdalin.  Water.  Essential  Hydrocyanic  Glucose. 

oil  of  acid, 

bitter  almonds. 

Catliartic  acid. — This  very  complex  glucoside 
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exists  in  senna  leaves,  of  whicli  it  is  the  active  pur- 
gative principle ; it  is  decomposed  by  boiling  with 
dilute  sulphuric  acid  into  glucose  and  a substance 
named  cathartogenic  acid. 

ColocyiitliBii  (C5gHg^023). — This  substance  is  the 
active  purgative  principle  of  colocynth  pulp;  it  is 
decomposed  by  boiling  with  dilute  sulphuric  acid  into 
glucose  and  a resinous  substance. 

Dig'italiii  (CgyH^gOj.). — This  glucoside  is  the 
active  principle  of  digitalis  leaves ; by  boiling  with 
dilute  sulphuric  acid,  it  is  decomposed  into  glucose, 
and  a substance  named  digitaliretin. 

liiclicaii  (CggHgiNOjy)'?)  occurs  in  the  Indigofera., 
in  woad  and  other  plants  ; it  is  obtained  as  a yellowish 
bitter  syrup.  By  boiling  with  dilute  acids  it  is  decom- 
posed into  indigo  and  a sugar  (indiglucin).  The  name 
has  also  been  erroneously  applied  to  the  substance, 
present  in  the  urine,  which  produces  indigo  blue  on 
standing  ; the  substance  in  the  urine  is  not  a glucoside, 
but  is  potassium  indoxyl  sulphate  (K(CgHgN)SO^). 

Jalapiii  (Cg^HggOjg). — This  substance  is  the 
active  purgative  principle  of  jalap  root ; it  is  decom- 
posed by  boiling  with  dilute  sulphuric  acid,  into  glucose 
and  a substance  named  jalapinol. 

Ulyronic  acid  (CigH^gNS^OiQ). — This  acid  exists 
as  a potassium  salt  in  black  mustard  seeds  ; the  salt 
is  decomposed  by  boiling  with  dilute  sulphuric  acid, 
and  also  by  the  action  of  a ferment  myrosin.,  likewise 
contained  in  black  mustard  seeds,  into  volatile  oil  of 
mustard  (allyl  sulphocyanate),  glucose,  and  potassium 
acid  sulphate. 


Salicin  (CjgHjgOy). — This  is  a crystalline  bitter 
principle  contained  in  the  leaves  and  bark  of  the 


Uio  ^ 00  ■ 

Potassium  Allyl  Glucose.  Pi 

myrouate.  sulphocyanate.  acid 


Potassium 
acid  sulphate. 
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willow;  it  is  resolved  by  boiling  with  dilute  sulphuric 
acid  into  glucose  and  a substance  named  saligenin. 

CisHijOj  + H5O  = + C-HsO, 

Saliciii.  Water.  Glucose.  Saligenin. 

SaiUoiiiu  (CigHigOg).— This  glucoside  is  the 
active  principle  of  santonica. 

RARER  ORGANIC  SUBSTANCES  USED 
IN  MEDICINE. 

Acetanilide  (NH.CgHgjCgHgO),  also  known  as 
antifehrin  and  phenylacetamide,  may  be  regarded  as 
acetamide  (NHgCgHgO),  in  which  one  atom  of  hydro- 
gen has  been  replaced  by  the  radicle  phenyl  (CgHg); 
it  is  obtained  by  the  prolonged  action  of  glacial  acetic 
acid  on  pure  anilin. 

NHgCgHg  + HC^HgO^  = NHCgHgCgHgO  + H^O 

■A-iiilin.  Acetic  acid.  Acetanilide.  Water. 

It  forms  colourless,  odourless  crystals,  with  a 
greasy  feel  and  faint  burning  taste,  not  very  soluble 
in  cold  water,  but  soluble  in  alcohol,  ether,  and 
chloroform.  Used  as  an  antipyretic. 

A-Ulpyrin  (C,H,n{CO  CH 

the  B.  P.  as  phenazone,  a somewhat  complex  benzene 
derivative  prepared  by  the  interaction  of  phenylhydra- 

zine  and  acetoacetic  ether  (cooCgHg)* 

and  subsequent  methylation  of  the  product.  It  is  a 
colourless,  odourless,  crystalline  substance,  melting  at 
110°,  readily  soluble  in  water,  alcohol,  and  chloro- 
form. Used  as  an  antipyretic. 

Argyrol. — A silver  compound  with  a proteidj 
used  in  mucous  catarrh,  and  for  the  eye. 

Aspirin  acetyl  salicylic  acid^ 

Q 
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is  used  as  an  anti-rheumatic  as  a substitute  for  salicylic 
acid.  Crystallises  in  white  silky  crystals. 

Beiizosol  (CgH^. 0(0113). 0(C^H50)  is  henzoyl- 
guaiacol  {see  below),  that  is,  one  of  the  H atoms 
in  guaiacol  (CgHj.OOH3.OH)  has  been  replaced  by 
the  acid  radicle  benzoyl  (C^H^O).  It  is  a colourless, 
crystalline  powder,  melts  at  59°,  insoluble  in  water, 
soluble  in  ether  and  in  chloroform.  Used  in  cases  of 
phthisis. 

Cliiiiosol. — The  potassium  salt  of  oxychinolin 
and  sulphuric  acid — a yellow  crystalline  powder.  An 
antiseptic  used  in  surgical  dressing. 

Cryogeiiin  or  Kryogeiiiii 

(v  H /CO-NH,  \ 

\NH— NH— CO— NH„/ 

m.  henzamido  semicarhazide. — An  antipyretic. 

Forniiii  {see  Urotropin,  page  485). 

Ouamcol  (CgH^.OH.O(CH3)),  methyl,  catechol 
{see  page  457),  prepared  from  beechwood  tar  creosote, 
is  a coloured  liquid  of  an  agreeable  odour ; S]).  gr. 
1*133;  readily  soluble  in  alcohol  and  ether.  Used 
in  phthisis. 

Heroin  (Cj7Hj7NO(O.C2H30)o),  is  diacetyl  mor- 
phin  ; obtained,  by  heating  the  base  with  excess  of 
acetic  anhydride,  in  small  glistening  prisms  ; melts  at 
169°. 

Ilypiioiie. — Phenyl-methyl-ketone ; that  is,  it 
consists  of  CO  in  union  with  the  phenyl  and  methyl 
radicles  ; thus  : — 

O.Hj-CO-CHj 

Hypnone. 

It  is  obtained,  by  distillation,  from  a mixture  of  ben- 
zoate of  calcium  and  acetate  of  calcium.  At  ordinary 
temperatures  it  is  a colourless  oily  liquid,  but  below 
14°  it  crystallises  in  white  needles.  It  is  insoluble 
in  water,  but  soluble  in  alcohol. 
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i.*^J****^®*  ((^^4)2^28^35 S30g). — All  ammonium 
salt  of  sulpho-ichthyolic  acid.  It  is  obtained  by 
treating  the  products  of  distillation  of  a bituminous 
quartz  with  sulphuric  acid,  and  neutralising  the 
sulpho-ichthjolic  acid  so  produced  with  ammonia. 
Ihe  stiata  from  which  the  bituminous  quartz  is 
obtained  contain  the  remains  of  fishes  and  other 
animals,  and  the  deposit  probably  consists  of  their 
decomposed  and  altered  remains. 

compound  of  ichthyol  and 
formaldehyde ; an  intestinal  antiseptic. 

lodol  IS  tetra-iodo-pyrrol  (C,HI,N) ; that  is,  it 
IS  pyrrol  (C^HgN)  from  the  molecule  of  which  four 
ofTdine  displaced  by  four  atoms 

It  is  obtained  by  the  action  of  iodine  on  pyrrol 
which  IS  an  Oily  liquid  contained  in  bone-oil,  produced 
by  the  dry  or  destructive  distillation  of  bones 

lodol  IS  a brownish-white  powder,  insoluble  in 
soluble  in  glycerin,  alcohol,  ether,  and 
c loroforra.  It  is  used  as  an  antiseptic. 

Kryog^ciiiii  {see  Cryogenin). 

iriesotan  i 

I COOGH„(CH.O)  methoxy-methyl 
salicylate  used  in  solution  In  olive  oil  for  inunction. 

with  a faint  aromatic  odour, 
ap  It  laleiie  (C^QlIg). — A hydrocarbon,  ob- 
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tained  as  a bye-product  in  the  preparation  of  coal  gas  ; 
it  may  be  regarded  as  two  benzene  rings  having  two 
carbon  atoms  in  common.  It  occurs  in  white,  shining, 
crystalline  plates,  insoluble  in  water,  but  soluble  in 
alcohol  and  ether.  It  is  an  antiseptic. 

/3-I\aplitho1  (C10H7.HO).— Two  isomeric  modifi- 
cations, a-naphthol  and  /3-naphthol,  exist ; they  are 
derivatives  of  naphthalene,  from  the  molecule  of 
which  one  atom  of  hydrogen  is  displaced  by  hydroxyl. 
Naphthol  occurs  in  white  shining  crystals,  sparingly 
soluble  in  water,  but  soluble  in  alcohol  and  ether  j it 
is  a powerful  antiseptic. 

Phenacetine  (CgH^.OCgHfi.IIH.CHgCO).  — A 
derivative  of  nitrophenol  (CgH^.NOg.OH),  crystallises 
in  colourless,  tasteless,  glisteniug  scales, ^ melting  at 
135°,  not  very  soluble  in  water.  An  antipyretic. 

Protargol. — A silver  compound  of  a proteid, 
used  for  mucous  catarrh. 

Saccliarin  |nh),  henzoyl  sulphonic 

imide. — This  imide  may  be  regarded  as  NH3,  in  which 
two  atoms  of  hydrogen  have  been  replaced  by  a 
divalent  acid  radicle.  Sulphobenzoic  acid  is  benzoic 


the  phenyl  group  is  replaced  by  the  radicle  (SOgOH). 


two  atoms  of  hydrogen  in  ammonia  by  the  divalent 


series  of  processes  from  toluene  and  methylbenzene 
(CgHg.CHs).  It  is  a white,  intensely  sweet  powder, 
slightly  soluble  in  water,  more  soluble  in  alcohol. 


; the  imide  is  formed  by  replacing 


It  is  obtained  by  a complicated 
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in  alcohol ; it  possesses  antiseptic  and  antipyretic 
properties. 

Sul  phonal  is  a derivative  of  methane  (CH^), 
from  the  molecule  of  which  two  atoms  of  hydrogen 
are  displaced  by  two  equivalents  of  methyl  (CHg), 
and  the  other  two  atoms  by  two  equivalents  of 
the  ethyl  sulphonic  group  (CgHg.SOg) ; the  constitu- 
tion of  sulphonal  is  therefore  diethylsulphondimethyl 
methane ; thus  : 


/SOj.C,H5 

c 

CH3/ 

Sulphonal. 


It  is  produced  by  the  oxidation  of  a mixture  of 
ethyl-mercaptan  and  acetone.  It  occurs  in  white 
tabular  crystals,  tasteless  and  odourless,  slightly 
soluble  in  water,  and  freely  soluble  in  alcohol  and 
ether.  It  is  a hypnotic. 

Urethane  _ Ethyl  carbamate, 

carbamic  acid  being  the  substance  intermediate  be- 
tween carbonic  acid 

it  occurs  in  colourless  crystals,  readily  soluble  in  water. 
It  is  a hypnotic. 

Urosiii. — A CQmpound  of  quinic  acid  and  lithium, 
used  to  check  gout. 

Urotropiiie.— Aminoform  or  formin 
or  N(CH3NCH2)3)is  hexamethylene  tetramine.  Used 
as  an  antiseptic  to  the  urinary  tract,  a solvent  for 
uric  acid  concretions;  should  be  dissolved  in  cold 
water,  as  boiling  water  decomposes  it  into  ammonia 
and  formaldehyde.  It  is  prepared  by  evaporating  a 
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mixture  of  ammonia  and  formaldehyde,  and  occurs  in 
small  acicular  crystals  soluble  in  water. 

Veronal  ( CO  C(C2H-)2),  dwihyl 

malonyl  urea. — A white  crystalline  powder;  a 
soporihe. 
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CHEMICAL  PROBLEMS  - CORRECTION 
OP  THE  VOLUME  OF  A GAS  FOR 
TEMPERATURE  AND  PRESSURE  - 
WEIGHTS  AND  MEASURES. 


CHEMICAL  PEOBLEMS. 

Ix  this  section  of  the  book,  illustrations  will  be  given  of  the 
modes  of  working  out  the  various  chemical  problems,  which,  for 
the  sake  of  convenience,  will  be  arranged  in  three  groups, 
viz.  Group  I.  Chemical  problems  involving  weight  calcula- 
tions only.  Group  II.  Chemical  problems  involving  both 
weight  and  volume  calculations.  Group  III.  Chemical 
problems  involving  volume  calculations  only. 

GEOUP  I. -CHEMICAL  PEOBLEMS  INVOLVING 
WEIGHT  CALCULATIONS  ONLY. 

1.  How  many  pounds  of  oxygen  can  be  obtained  from 
100  lbs.  of  potassium  chlorate  ? 

The  equation  representing  the  effect  of  heat  upon  potassium 
chlorate  shows  that  all  the  ox3'gen  is  evolved. 

KCIO3  = KCl  -h  30 

The  molecular  weight  of  potassium  chlorate  is  next  calculated. 

K 39 

Cl  35-5 

O3  :=  16  X 3 = 48 


122-5 

From  this  it  is  evident  that  122  5 parts  by  weight  of 
potassium  chlorate  contain  48  parts  by  weight  of  oxygen,  and 
since  all  the  oxygen  is  evolved  by  heat,  therefore  122-5  parts 
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by  weight  of  potassium  chlorate  will  evolve  48  parts  by  weight 
of  oxygen,  and  therefore  122-5  lbs.  of  potassium  chlorate  will 
evolve  48  lbs.  of  oxygen.  If  48  lbs.  of  oxygen  can  be  obtained 
from  122-5  lbs.  of  potassium  chlorate,  how  many  lbs.  of  oxygen 
can  be  obtained  from  100  lbs.  of  potassium  chlorate  ^ 

122-5  : 100  : ; 48  : a; 

X =.  39*18,  the  number  cf  lbs.  of  oxygen  that  can  be  obtained 
from  100  lbs.  of  potassi'am  chlorate. 

2.  How  many  grammes  of  carbon  dioxide  are  evolved 
by  heating  120  grammes  of  calcium  carbonate  ? 

The  equation  representing  the  effect  of  heat  upon  calcium 
carbonate  shows  that  one  molecule  of  calcium  carbonate  evolves 
one  molecule  of  carbon  dioxide. 

CaCO.,  =r  CaO  + CO2 

The  molecular  weights  of  these  two  bodies  are  next 
calculated. 

Ca  ::=  40 

C 12 

O3  = 16  X 3 = 48 

100 

From  these  weights  it  is  evident  that  100  parts  by  w-eight 
of  calcium  carbonate  evolve  44  parts  by  weight  of  carbon 
dioxide,  and  therefore  44  grammes  of  carbon  dioxide  are  ob- 
tainable from  100  grammes  of  calcium  carbonate.  Therefore, 
how  many  grammes  of  carbon  dioxide  will  be  evolved  from  120 
grammes  of  calcium  carbonate  ? 

100  : 120  : : 44  : a; 

X = 52-80,  the  number  of  grammes  of  carbon  dioxide  evolved 
by  heating  120  grammes  of  calcium  carbonate. 

3.  How  many  grains  of  sulphur  dioxide  are  evolved  by 
the  action  of  160  grains  of  sulphuric  acid  on  copper  ? 

The  equation  representing  the  action  of  sulphuric  acid  on 
copper  shows  that  one  molecule  of  sulphur  dioxide  is  eA’-olved 
from  two  molecules  of  the  acid. 

Cu  2HoS04  = CuSO^  + SOo  + 2HoO 

Twice  the  molecular  weight  of  sulphuric  acid  and  the 
molecular  ^Yeight  of  sulphur  dioxide  are  next  calculated. 


C = 12 

O2  = 16  X 2 = 32 

44 
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Ho  = 1 X 2 — 2 
S =32 

Oj  = 16  X 4 = 64 

98 


S = 32 

Go  = 16  X 2 = 32 

64 


2HoS04  = 98  X 2 = 196 

From  these  weights  it  is  evident  that  64  parts  by  weight  of 
sulphur  dioxide  are  evolved  from  196  parts  by  weight  (Tf  sul- 
phuric acid,  by  the  action  of  that  acid  on  copper,  and  therefore 
64  grains  of  sulphur  dioxide  are  evolved  from  196  grains  of 
sulphuric  acid.  Therefore,  how  many  grains  of  sulphur  dioxide 
will  be  evolved  from  150  grains  of  sulphuric  acid,  under 
similar  conditions  ? 


196  ; 150  : : 64  : rr  , 

X ~ 48-97,  the  number  of  grains  of  sulphur  dioxide  evolved  by 
the  action  of  150  grains  of  sulphuric  acid  on  copper. 


4.  How  many  pounds  of  sodium  carbonate  are  required 
to  precipitate  100  lbs.  of  calcium  chloride  ? 


The  equation  representing  the  action  of  sodium  carbonate 
on  calcium  chloride  shows  that  one  molecule  of  sodium  car- 
bonate  is  required  to  precipitate  one  molecule  of  calcium 
chloride. 

CaCla  + Na^CPa  = CaCOg  -f  2XaCl 

The  molecular  weights  of  calcium  chloride  and  sodium 
carbonate  are  next  calculated. 


Ca  — 40 

Clo  = 35-5  X 2 = 71 

111 


Na2  = 23  X 2 = 46 

C =12 

O3  =16  X 3 = 48 

106 


From  these  weights  it  is  evident  that  106  parts  by  weinht 
of  sodium  carbonate  are  required  to  precipitate  111  parts  bv 
weight  of  calcium  chloride,  and  therefoie  106  lbs  of  sodium 
carbonate  are  required  to  precipitate  111  lbs.  of  calcium 
chloride.  Therefore,  how  many  pounds  of  sodium  carbonate 
will  be  required  to  precipitate  100  lbs.  of  calcium  chloride.? 


Ill  : 100 


106  : X 


490 


Chemistry. 


[Part  V. 


X — 95-49,  the  number  of  Iba,  of  sodium  carbonate  required  to 
precipitate  100  lbs.  of  calcium  chloride. 

5.  How  many  grammes  of  nitric  acid  are  required  to 
convert  150  grammes  of  copper  into  copper  nitrate  ? 

The  equation  representing  the  action  of  nitric  acid  on 
copper  shows  that  eight  molecules  of  nitric  acid  are  required 
to  convert  three  atoms  of  copper  into  copper  nitrate. 

3Cu  + 8IINO3  = 3Cu(N03)2  + 2NO  + 4H3O 

Eight  times  the  molecular  weight  of  nitric  acid  and  three 
times  the  atomic  weight  of  copper  are  next  calculated. 

H = 1 

N =14 

03=^16  X 3 =48  3Cu  = 63-5  x 3 = 190-5 

63 

8HN03  = 63  X 8 = 504 

From  these  weights  it  is  evident  that  504  parts  by  weight 
of  nitric  acid  are  required  to  convert  190-5  parts  by  weight  of 
copper  into  copper  nitrate,  and  therefore  that  504  grammes  of 
nitric  acid  are  required  to  act  upon  190-5  grammes  of  copper. 
Therefore,  how  many  grammes  of  nitric  acid  will  be  required 
to  act  upon  150  grammes  of  copper  ? 

190-5  : 150  ; : 504  : x 

X = 396-85,  the  number  of  grammes  of  nitric  acid  required  to 
convert  150  grammes  of  copper  into  copper  nitrate. 

6.  How  many  kilogrammes  of  mercuric  iodide  can  bo 
prepared  from  10  kilogrammes  of  mercuric  chloride  ? 

The  equation  representing  the  preparation  of  mercuric 
iodide  from  mercuric  chloride  shows  that  one  molecule  of 
mercuric  iodide  is  prepared  from  one  molecule  of  mercuric 

chloride. 

HgClj  + 2KI  = Hglo  -f  2KC1 

The  molecular  weights  of  mercuric  chloride  and  mercuric 
iodide  are  next  calculated. 

Ho-  = 200  Hg  = 200 

CI2  = 35-5  X 2 = 71  I2  = 127  X 2 = ^4 


271 


454 
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i>om  these  weights  it  is  evident  that  454  parts  by  we’Vht 
of  mercuric  iodide  are  prepared  from  271  parts  by  weiP-ht  o' 
mercuric  chloride,  and  therefore  that  454  kilogrammes  of 
mercuric  iodide  would  be  prepared  from  271  kilogrammes  of 
mercuric  chloride.  Therefore,  how  many  kilogrirmes  o^ 

mirircTlorit"^?  prepared  from  10  kilogrammes  of  mer^ 

271  ; 10  : : 454 


X 


^ ^U“^er  of  kilogrammes  of  mercuric  iodide  that 

can  be  piepared  from  10  kilogrammes  of  mercuric  chloride. 


7.  Calculate  the  percentage  of  sulphur  in  sulphuric  acid. 

The  molecular  weight  of  sulphuric  acid  is  first  calculated. 

Pla  = 1x2=  2 
S =32 

O4  = 16  X 4 = 64 


fulphurte  add  cont^nl 


98  : 100  : : 32  : .r 

= 32-65,  the  percentage  of  sulphur  in  sulphuric  acid. 

8.  Calculate  the  percentage  of  iron  in  ferric  oxide. 

The  molecular  weight  of  ferric  oxide  is  first  calculated. 

F02  = 56  X 2 = 112 
O3  = 16  X 3 = 48 


160 

molecular  weight  it  is  evident  that  160  parts  by 
V eight  of  ferric  oxide  contain  112  parts  by  weight  ^of  iron 

LnZtP  ferric  ox?de 


160  : 100  : : 112  : a; 

a:  = 70-00,  the  percentage  of  iron  in  ferric  oxide. 

9.  Calculate  the  percentage  of  carbon  in  starch. 

The  molecular  weight  of  starch  is  first  calculated. 
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C,  = 12  X 6 = 72 
Ij’,=  1 X 10  = 10 
O5  n:::  16  X 5 80 

162 

From  this  molecular  weight  it  is  evident  that  162  parts  by 
weight  of  starch  contain  72  parts  hy  weight  of  carbon.  There- 
fore, what  amount  of  carbon  will  100  parts  of  starch  contain  ? 

162  : 100  : : 72  : tr 

a:  = 44-44,  the  percentage  of  carbon  in  starch. 

10.  Calculate  the  percentage  of  nitrogen  in  urea. 

The  molecular  weight  of  urea  is  first  calculated. 


C =12 

H4  = 1x4=:  4 

No  = 14  X 2 =1:  28 

O'  = 16 


60 

From  this  molecular  weight  it  is  evident  that  60  parts  by 
weight  of  urea  contain  28  parts  hy  weight  of  nitrogen.  There- 
fore, what  amount  of  nitrogen  will  he  contained  in  100  parts  of 
urea  ? 

60  ; 100  : : 28  : a: 

X = 46-66,  the  percentage  of  nitrogen  in  urea. 

11.  Calculate  the  percentage  of  chlorine  in  chloroform. 

The  molecular  weight  of  chloroform  is  first  calculated. 

C =12 

H = 1 

CI3  = 35-5  X 3 = 106-5 


119-5 

From  this  molecular  weight  it  is  evident  that  119*5  parts 
l)y  yr0ight  of  chloroform  contain  106  5 parts  hy  weight  of 
chlorine.  Therefore,  what  amount  of  chlorine  will  he  con- 
tained in  100  parts  of  chloroform  ? 

119-5  : 100  : : 106-5  : x 

a-  — 89*12,  the  percentage  of  chlorine  in  chloroform. 


Part  V.] 


Problems. 


493 


GROUP  II.— CHEMICAL  PROBLEMS  INVOLVING 
BOTH  WEIGHT  AND  VOLUME  CALCULATIONS. 

For  the  conversion  of  the  weights  of  gases  into  volumes,  it 
is  necessary  to  know  either  the  weight  of  a litre  of  hydrogen, 
or  the  volume  occupied  by  a gramme  of  hydrogen  ; the  specific 
gravity  of  any  given  gas  being  known,  it  then  becomes  an  easy 
matter  to  calculate  the  volume  occupied  by  any  given  weight 
of  it. 

The  crith  is  the  weight  of  a litre  of  hydrogen  at  0°  C.  and  760 
mm.  barometric  pressure,  and  is  0-0896  gramme.  The  weight 
of  a litre  of  oxygen,  the  specific  gravity  of  which  is  16,  would 
be  0 0896  gramme  x 16  ; the  weight  of  a litre  of  carbon  dioxide 
(see  p.  24),  the  specific  gravity  of  which  is  22,  would  be  0 0896 
gramme  x 22  ; in  fact,  the  weight  of  a litre  of  any  gas  is 
obtained  by  multiplying  the  crith  by  the  specific  gravity  of 
the  gas. 

The  conversion  of  the  weights  of  gases  into  volumes  is, 
however,  facilitated  by  bearing  in  mind  that  1 gramme  of 
hydrogen  occupies  11-2  litres  (at  0°C.  and  760  mm.  barometric 
pressure).  Now,  since  oxygen  is  16  times  heavier  than 
hydrogen,  11-2  litres  of  oxygen  must  weigh  16  times  as  much 
as  the  same  volume  of  hydrogen,  that  is,  16  grammes  ; again, 
since  carbon  dioxide  is  22  times  heavier  than  hydrogen,'’ll-2 
litres  of  carbon  dioxide  must  weigh  22  times  as  much  as  the 
same  volume  of  hydrogen— that  is,  22  grammes.  In  fact,  the 
weight  of  11-2  litres  of  any  gas  at  0^  C.  and  760  mm.  baro- 
metric pressure  is  obtained  by  expressing  its  specific  gravity  as 
grammes.  This  fact  may  also  be  stated  thus  ; — 

1 molecular  weight  of  any  gas  or  vapour  in  grammes 
measures  22*4  litres. 

Correction  of  the  Volume  op  a Gas  for  Tempera- 
ture AND  Pressure. 

The  volumes  of  gases  are  always  reduced  to  the  volumes 
they  would  occupy  at  0°  and  760  mm.  In  order  to  correct  the 
volume  of  a gas  for  temperature  and  pressure,  two  laws  must 
be  remembered : 

1.  The  volume  of  a gas  varies  inversely  as  the  pressure 
(law  of  Boyle  and  Marriotte). 

2.  The  volume  of  a gas  varies  directly  as  the  absolute 
temperature  (law  of  Charles  and  Gay  Lussac),  the  absolute 
temperature  being  the  ordinary  temperature  Centigrade  + 273. 
Thus— a volume  of  oxygen  measured  380  cc.  at  91°  C.  and  700 
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nam. ; find  its  volume  at  0°  C.  and  760  mm.  As  the  pressure  is 
increased  from  700  to  /60  mm,  the  volume  will  ha  diminished. 

380  X 700 

— — 350  cc.  at  91  C.  and  760  mm. 


As  the  temperature  falls  from  91°  to  0°  the  volume  is  again 
diminished  91°  -f-  273  = 364  0°  + 273  = 273 


350  X 273 
364 


= 262-5  cc.  the  volume  at  0°  C,  and  760  mm. 


1.  How  many  litres  of  hydrogen  will  be  evolved  by  the 
action  of  sulphuric  acid  on  10  grammes  of  zinc  ? 

The  equation  representing  the  action  of  sulphuric  acid  on 
zinc  shows  that  2 atoms  of  hydrogen  are  liberated  hy  the  action 
of  1 atom  of  zinc  on  sulphuric  acid. 

Zn  + H2SO4  = ZnS04  + 

The  respective  weights  of  zinc  and  hydrogen  are — 

Zn  = 65  H2  = 1 X 2 — 2 

Therefore,  2 parts  by  weight  of  hydrogen  are  evolved  by 
65  parts  hy  weight  of  zinc  from  the  sulphuric  acid,  and  there- 
fore 2 grammes  of  hydrogen  are  evolved  hy  65  grammes  of 
zinc.  Now,  as  the  weight  of  hydrogen  is  2,  2 grammes 

of  hydrogen  will  measure  22  -4  litres,  and  our  statement  reads, 
65  grammes  of  zinc  evolve  22-4  litres  of  hydrogen.  How  many 
litres  will  10  grammes  of  zinc  evolve  ? 

65  : 10  : : 22-4  : x 

X — 3-44  litres,  the  number  of  litres  of  hydrogen  evolved  by 
the  action  of  sulphuric  acid  on  10  grammes  of  zinc. 


2.  How  many  litres  of  oxygen  are  evolved  by  heating  50 
grammes  of  potassium  chlorate  ? 

The  equation  representing  the  decomposition  of  potassium 
chlorate  hy  heat  shows  that  1 molecule  of  potassium  chlorate 
yields  3 atoms  of  oxygen. 

KCIO3  — KCl  + 30 

The  molecular  weight  of  potassium  chlorate  and  three  times 
the  atomic  weight  of  oxygen  are  next  calculated. 
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K = 39 

Cl  35-5  O3  = 16  X 3 = 48 

O3  = 16  X 3 = 48 


1225 

Therefore  48  parts  by  weight  of  oxygen  are  evolved  from 
122*5  parts  by  weight  of  potassium  chlorate,  and  therefore  48 
grammes  of  oxygen  are  evolved  from  122*5  grammes  of 
potassium  chlorate.  Xow,  as  1 molecular  weight  of  oxygen 
(32)  in  grammes  measures  22*4  litres ; 48  grammes  will 
measure  33*6  litres.  Our  statement  now  becomes,  122*5 
grammes  of  potassium  chlorate  evolve  33  6 litres  of  oxygen. 
Ilow  much  will  be  evolved  by  50  grammes. 

122*5  : 50  : : 33*6  : x 

X = 13*75  litres,  the  number  of  litres  of  o.*?ygen  evolved  by 
heating  50  grammes  of  potassium  chloi*ate. 

3.  How  many  litres  of  sulphur  dioxide  are  produced  by 
burning  5 grammes  of  sulphur  ? 

The  molecular  weight  of  sulphur  dioxide 

S = 32 

O2  = 16  X 2 = 32 

64 

shows  that  sulphur  produces  twice  its  weight  of  sulphur  dioxide, 
and,  therefore,  5 grammes  of  sulphur,  when  burnt,  would  pro- 
duce 10  grammes  of  sulphur  dioxide. 

This  weight  of  sulphur  dioxide  must  next  be  converted  into 
litres.  1 gramme  of  hydrogen  occupies  11*2  litres,  and  as  the 
specific  gravity  of  sulphur  dioxide  is  32  (half  its  molecular 
weight),  therefore  32  grammes  of  sulphur  dioxide  occupy  11*2 
litres.  Therefore,  how  many  litres  will  10  grammes  of  sulphur 
dioxide  occupy  ? 

32  : 10  : : 11*2  .*  x 

X — 3*50  litres,  the  number  of  litres  of  sulphur  dioxide  pro- 
duced by  burning  5 grammes  of  sulphur. 

4.  What  volume  of  nitrogen  dioxide  will  be  produced  by 
the  action  of  nitric  acid  on  20  grammes  of  copper  ? 

The  equation  representing*  the  production  of  nitrogen 
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dioxide  by  the  action  of  nitric  acid  on  copper  shows  that  2 
molecules  of  nitrogen  dioxide  are  set  free  by  3 atoms  of  copper. 

3Cu  + 8HNO3  = 3Cu(N03)2  “h  2NO  + 4H0O 

Three  times  the  atomic  weight  of  copper  and  twice  the 
molecular  weight  of  nitrogen  dioxide  are  next  calculated. 

2N  = 14  X 2 = 28 
3Cu  = 63’5  X 3 = 190'5  20  = 16  x 2 = o2 


60 

From  these  weights  it  is  evident  that  60  purts  by  weight  of 
nitrogen  dioxide  are  produced  by  the  action  of  nitric  acid  on 
190-5°parts  by  weight  of  copper;  and,  therefore,  60  grammes 
of  nitrogen  dioxide  are  evolved  by  means  of  190'o  grammes  of 

Now  the  molecular  weight  of  nitric  oxide  (NO)  is  30,  so 
that  30  grammes  measure  22’4  litres  and  60  grammes  will 
measure  44’8  litres.  Our  statement  now  reads,  190  5 grammes 
of  copper  evolve  44*8  litres  of  gas;  what  volume  will  be  pro- 
duced by  20  grammes  ? 

190-5  : 20  ; : 44‘8  : x 


tr  — 4-7  litres,  the  volume  of  nitrogen  dioxide  produced  by  the 
action  of  nitric  acid  on  20  grammes  of  copper. 


5.  What  volume  of  methane  (marsh  gas)  will  be  produced 
by  heating  30  grammes  of  sodium  acetate  with  caustic 

soda? 

The  equation  representing  the  production  of  methane  from 
sodium  acetate  and  caustic  soda  shows  that  1 molecule  of  sodium 
acetate  takes  part  in  the  production  of  1 molecule  of  methane. 

NaCaHaOa  + NaHO  = Na^COg  + CH^ 

The  molecular  weights  of  sodium  acetate  and  methane  are 
next  calculated. 

23 

12  X 2 = 24  C =12 

1x3=3  H4=1x4s=4 

16  X 2 = 32 


Na 

Co  = 

h;  = 


82 


16 
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From  these  weights  it  is  evident  that  16  parts  by  weight  of 
methane  are  obtained  from  82  parts  by  weight  of  sodium 
acetate,  and,  therefore,  16  grammes  of  methane  are  obtainable 
from  82  grammes  of  sodium  acetate.  The  molecular  weight  of 
marsh  gas  is  16  16  grammes  of  marsh  gas  measure  22’4 

litres,  and  our  statement  reads  82  grammes  of  sodium  acetate 
yield  22  ■ ! litres  of  marsh  gas ; how  many  litres  will  30  grammes 
yield  ? 

82  : 30  : : 22-4  : a; 

a;  = 8-19  litres,  the  volume  of  methane  produced  by  heating  30 
grammes  of  sodium  acetate  with  caustic  soda. 


6.  What  volume  of  oxygen  is  required  to  burn  10 
grammes  of  carbon  to  carbon  dioxide,  and  what  volume 
of  carbon  dioxide  will  be  formed  ? 

The  formula  of  carbon  dioxide  (CO2)  shows  that  one  atom 
of  carbon  requires  2 atoms  of  oxygen  to  form  carbon  dioxide. 
The  atomic  weight  of  carbon  and  twice  the  atomic  weight  of 
oxygen  are  next  taken. 

C ==  12  O2  = 16  X 2 = 32 

From  these  weights  it  is  evident  that  32  parts  by  weight  of 
oxj’^gen  are  required  for  the  combustion  of  12  parts*  by  weight 
of  carbon,  and,  therefore,  32  grammes  of  oxygen  are  required 
by  12  grammes  of  carbon,  and  44  grammes  of  carbon  dioxide 
will  be  formed. 

Now  the  molecular  weight  of  oxygen  is  32,  therefore,  32 
grammes  of  oxygen  measure  22-4  litres  ; similarly,  44  grammes 
of  carbon  dioxide  measure  22-4  litres,  and  our  statement  reads, 
12  grammes  of  carbon  require  22-4  litres  of  oxygen  and  furnish 
22'4  litres  of  cai’bon  dioxide.  How  many  litres  will  be  required 
by  10  grammes  of  carbon  ? 

12  : 10  : : 22*4  : a; 

a;  = 18 '66  litres,  the  volume  of  oxygen  required  to  burn  10 
grammes  of  carbon  to  carbon  dioxide,  and  18*66  litres 
of  carbon  dioxide  will  be  formed. 

This  answer  may  also  be  obtained  by  using  the  crith  [see 
p.  493).  ^ 

Thus,  a litre  of  hydrogen  weighs  *0896  gramme,  and  a litre 
of  oxygen  .*.  weighs  *0896  x 16  = 1*434  gramme. 

Now,  as  above,  12  grammes  of  carbon  required  32  grammes 
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of  oxygen  10  will  require--— 26'66  grammes,  and  this 

1 L 


occupies  — = 18'6  litres.  It  is  obvious  that  the  first 
method  is  simpler  and  shorter. 


7.  How  many  grammes  of  calcium  carbonate  will  be 
precipitated  by  passing 20  litres  of  carbon  dioxide  through 
lime-water  ? 


The  equation  representing  the  action  of  carbon  dioxide  on 
lime-water  shows  that  I molecule  of  carbon  dioxide  is  employed 
in  the  preparation  of  1 molecule  of  calcium  carbonate. 


Ca(HO)2  + CO2  = CaCOa  + H2O 

The  molecular  weights  of  carbon  dioxide  and  calcium  car- 
bonate are  next  calculated. 


C =12 

O2  — 16  X 2 =:  32 

44 


Ca  = 40 

C =12 

O3  = 16  X 3 = 48 

100 


From  these  weights  it  is  evident  that  44  parts  by  weight  of 
carbon  dioxide  precipitate  100  parts  by  weight  of  calcium 
carbonate,  and  therefore  44  grammes  of  carbon  dioxide  pre- 
cipitate 100  grammes  of  calcium  carbonate. 

As  44  is  the  molecular  weight  of  carbon  dioxide,  44  grammes 
of  this  gas  measure  22 ’4  litres,  therefore  22’4  litres  of  carbon 
dioxide  precipitate  100  grammes  of  calcium  carbonate.  What 
weight  will  be  precipitated  by  20  litres  ? 


22-4  : 20  : : 100  : a; 


X — 89‘28  grammes,  the  weight  of  calcium  carbonate  precipi- 
tated by  passing  20  litres  of  carbon  dioxide  through  lime-water. 


8.  How  many  grammes  of  sodium  chloride  can  bo  pre- 
pared from  50  litres  of  hydrochloric  acid  gas  7 

The  formulm  of  sodium  chloride  (NaCl)  and  hydrochloric 
acid  gas  (HCl)  show  that  1 molecule  of  the  former  can  be  pre- 
pared from  1 molecule  of  the  latter.  Their  molecular  weights 
are  next  calculated. 
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Cl  35-5 
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Na  = 23 
Cl  = 35-5 

58’5 


36*5 


From  these  weights  it  is  noticed  that  58*5  parts  by  weight 
of  sodium  chloride  can  he  prepared  from  36  5 parts  by  weight 
of  hydrochloric  acid  gas,  and  therefore  58*5  grammes  of  sodium 
chloride  can  be  prepared  from  36 '5  grammes  of  hydrochloric 
acid  gas. 

The  molecular  weight  of  hydrogen  chloride  is  36*5,  so  36*5 
grammes  measure  22‘4  litres,  and  22’4  litres  of  hydrogen 
chloride  will  form  58‘5  grammes  of  sodium  chloride.  How 
many  grammes  can  be  prepared  from  50  litres  ? 


22‘4  : 50  . : 58*5  : x 


X ~ 130-58  grammes,  the  weight  of  sodium  chloride  that  can 
be  prepared  from  60  litres  of  hydrochloric  acid  gas. 


9.  How  many  grammes  of  ammonium  chloride  are  re- 
quired  to  produce  30  litres  of  ammonia  gas  ? 

The  formulae  of  ammonium  chloride  (NH^Cl)  and  ammonia 
gas  (NHj)  show  that  1 molecule  of  the  former  yie’ds  1 molecule 
of  the  latter.  Their  molecular  weights  are  next  calculated. 

N =14  N =14 

= 1 X 4 = 4 H3  = 1 X 3 = 3 

Cl  = 35-5  _ 


We  learn  from  these  weights  that  53’5  parts  by  weight  of 
ammonium  chloride  areretpiired  to  produce  17  parts  b}'  weight 
of  ammonia  gas,  and  therefore  53'5  grammes  of  ammonium 
chloride  are  required  to  produce  17  grammes  of  ammonia  gas. 

The  molecular  weight  of  ammonia  is  17,  so  17  grammes 
rneasure  22 -4  litres,  and  53-5  grammes  of  ammonium  chloride 
yield  22  -4  litres  of  ammonia.  How  many  grammes  will  be  re- 
quired to  produce  30  litres  ? 

22-4  : 30  : : 53‘5  : x 

X =:  71*65  grammes,  the  weight  of  ammonium  chloride  re- 
quired to  produce  30  litres  of  ammonia  gas. 
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GROUP  IIT.— CHEMICAL  PROBLEMS  INVOLVING 
VOLUME  CALCULATIONS  ONLY. 

The  solution  of  problems  of  this  class  is  a very  simple 
matter.  It  is  only  necessary  to  write  out  a complete  equation 
of  the  reaction  involved  in  the  problem,  and  to  observe  the 
relative  numbers  of  the  molecules  of  the  gases  taking  part  in 
the  reaction  ; since  the  molecules  of  all  gases  occupy  the  same 
space,  the  relative  numbers  of  molecules  expressed  in  the 
equation  represent  the  relative  volumes  of  gases  taking  part  in 
the  reaction.  It  is  quite  immaterial  whether  the  volumes  of 
the  gases  are  expressed  in  pints,  litres,  gallons,  etc.  (as  will  be 
seen  from  the  following  examples) ; 

1.  How  many  pints  of  oxygen  are  required  for  the 
combustion  of  10  pints  of  hydrogen  ? 

The  equation  representing  the  combustion  of  hydrogen  is 
first  written  out. 

2Ho  + 02  = 2H2O 

2 molecules  1 molecule 

From  this  equation  it  is  obvious  that  1 molecule  of  oxygen 
is  required  for  the  combustion  of  2 molecules  of  hydrogen,  and 
since  the  molecules  of  all  gases  occupy  the  same  space,  there- 
fore 1 pint  of  oxygen  will  be  required  for  the  combustion  of  2 
pints  of  hydrogen,  and,  therefore,  for  the  combustion  of  10 
pints  of  hydrogen,  5 pints  of  oxygen  will  be  required. 

2.  How  many  litres  of  oxygen  are  required  for  the 
combustion  of  5 litres  of  sulphuretted  hydrogen? 

The  equation  representing  the  combustion  of  sulphuretted 
hydrogen  is  first  written  out. 

2H.,S  + 3O2  2H2O  + 2SO2 

2 molecules  3 molecules 

From  this  equation  it  is  evident  that  3 molecules  of  oxygen 
are  required  for  the  combustion  of  2 molecules  of  sulphuretted 
hydrogen,  and  therefore  3 litres  of  oxygen  are  required  for  the 
combustion  of  2 litres  of  sulphuretted  hydrogen.  Therefore, 
how  many  litres  of  oxygen  will  be  required  for  the  combustion 
of  5 litres  of  sulphuretted  hydrogen  ? 

3 litres  of  0 required  for  combustion  of  2 litres  of  H,S 

• 1 1 
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3.  How  many  gallons  of  carbon  dioxide  are  produced  by 
burning  10  gallons  of  olefiant  gas  (ethylene)  ? 

The  equation  representing  the  combustion  of  olefiant  gas 
is  first  written  out. 

+ 30o  = 2CO2  + 2H2O 

1 molecule  2 molecules 

From  this  equation  we  can  see  that  2 molecules  of  carbon 
dioxide  are  produced  by  burning  I molecule  of  olefiant  gas,  and 
therefore  2 gallons  of  carbon  dioxide  are  produced  by  burning 
1 gallon  of  olefiant  gas. 

1 gallon  of  C0H4  produces  2 gallons  of  COg 
. ' . 10  gallons  ,,  produce  20  „ „ 


4.  How  many  cubic  feet  of  oxygen  are  required  for  the 
combustion  of  2 cubic  feet  of  marsh  gas  (methane)  ? 

The  equation  representing  the  combustion  of  marsh  gas  is 
first  written  out. 

CH4  + 2O0  = CO2  + 2H2O 

1 molecule  2 molecules 

This  equation  clearly  indicates  that  2 molecules  of  oxygen 
are  required  for  the  combustion  of  1 molecule  of  marsh  gas, 
and  therefore  2 cubic  feet  of  oxygen  are  required  for  the  com- 
bustion of  1 cubic  foot  of  marsh  gas,  and  therefore  4 cubic  feet 
of  oxygen  will  be  required  for  the  combustion  of  2 cubic  feet 
of  marsh  gas. 

5.  How  many  pints  of  air  are  required  for  the  combus- 
tion of  2 pints  of  marsh  gas  ? 

The  problem  is  first  worked  out,  as  in  the  preceding  case, 
to  ascertain  the  number  of  pints  of  oxygen  required  for  the 
combustion  of  2 pints  of  marsh  gas ; it  was  found  that  4 pints 
of  oxygen  were  required.  It  now  remains  to  ascertain,  in  how 
many  pints  of  air  4 pints  of  oxygen  will  be  contained. 

Now  100  parts  of  air  by  volume  contain  21  parts  of  oxygen 
by  volume.  Therefore,  if  21  pints  of  oxygen  are  contained  in 
100  pints  of  air,  in  how  many  pints  of  air  will  4 pints  of  oxygen 
be  contained  ? 

21  : 4 : : 100  : a: 

X ■=  19  04  pints,  the  number  of  pints  of  air  required  for  the 
combustion  of  2 pints  of  marsh  gas. 
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6.  How  many  gallons  of  carbon  monoxide  are  produced 
by  passing  100  gallons  of  carbon  dioxide  over  heated 
charcoal  ? 

The  equation  representing  the  action  of  carbon  dioxide  on 
heated  charcoal  is  first  written  out. 


2CO2  + 20  = 400 

2 molecules  4 molecules 


From  this  equation  it  is  evident  that  4 molecules  of  carbon 
monoxide  are  produced  from  2 molecules  of  carbon  dioxide,  and 
therefore  4 gallons  of  carbon  monoxide  will  be  produced  from 
2 gallons  of  carbon  dioxide. 


4 gallons  of  CO  are  produced  from 


2 

200 


fy 


2 gallons  of  COo 


1 

100 


f y 


7.  How  many  pints  of  chlorine  are  required  to  con* 
vert  10  pints  of  marsh  gas  (methane)  into  chloroform  ? 

The  equation  representing  the  conversion  of  marsh  gas  into 
chloroform  by  the  action  of  chlorine  is  first  written  out. 

CH^  + 3CI2  = CHCI3  + 3HC1 
1 molecule  3 molecules 

From  this  equation  it  is  evident  that  3 molecules  of  chlorine 
are  required  to  convert  1 molecule  of  marsh  gas  into  chloroform, 
and  therefore  3 pints  of  chlorine  are  required  to  convert  1 pint 
of  marsh  gas  into  chloroform.  Therefore  30  pints  of  chlorine 
are  required  to  convert  10  pints  of  marsh  gas  into  chloroform. 
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WEIGHTS 

AND  MEASURES. 

1 lb.  Avoirdupois... 

... 

— 

16  oz.  Av.  — 7,000  grains 
z=  453 '6  grammes 

1 oz.  Avoirdupois... 

• * • 

— 

437'5  grains  = 2S'35grmms. 

1 lb.  Troy 

• • • 

12  ozs.  Troy  = 5,760  grains. 

1 oz.  Troy 

• • • 

— 

480  grains. 

1 grain  

• • • 

— 

64’8  milligrammes. 

1 gallon  

• • • 

— 

8 pints  = 4-54  litres. 

1 pint  

• • • 

=• 

20  fluid  ozs.  = 568  c.c. 

1 fluid  oz 

• • • 

8 fluid  drachms  = 28-4  c.c. 

1 fluid  drachm 

• • ■ 

— 

60  minims  = 3*55  c.c. 

1 minim 

1 gallon  of  water  at  62' 

0 p 

= 

*06  c.c. 

weighs... 

. . . 

— 

70,000  grains,  or  10  lbs. 

1 cubic  foot  of  water 

• . • 

— 

997  ozs.  Av.  = 28*3  litres. 

1 yard  

• • • 

— 

*9144  metre. 

• 

• 

• 

• 

0 

0 

SH 

• • • 

= 

'3048  metre. 

1 inch  

• • • 

mZ- 

•0254  metre. 

1 metre  (m.) 

• • • 

= 

10  decimetres  (dm.). 

it  if  •• 

• • • 

100  centimetres  (cm.). 

»»  » ••• 

• • • 

1,000  millimetres  (mm.). 

»»  » 

• • • 

— 

39’37  inches. 

1 litre  

• • • 

~ 

1,000  cubic  centimetres  (c.c.). 

99  •••  ••• 

• • • 

— 

1*76  pints. 

1 cubic  metre 

• • • 

ZIZ 

1,000  litres. 

1 kilogramme  (kg.) 

• • • 

= 

1,000  grammes  (g.). 

t>  it  n 

• • • 

— 

2'205  lbs.  Av. 

1 gramme  ... 

• • • 

10  decigrammes  (dg.). 

99  •••  ••• 

• • • 

100  centigrammes  (eg.). 

99 

• • • 

— 

1,000  milligrammes  (mg.). 

S 7 At* 

15*432  grains!. 
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PREPARATION  OP  TYPICAL  SALTS  — 
ANALYSIS  OF  A SIMPLE  SALT,  AND 
OF  A MIXTURE  CONTAINING-  TWO 
BASES  AND  ONE  ACID-VOLUMETRIC 
ANALYSIS. 

PREPARATION  OF  CERTAIN  TYPICAL  SALTS. 


A few  of  the  preparations  can  be  dried  with  the  aid  of  heat, 
as  sodium  chloride,  the  oxides  of  copper  and  mercury,  and 
calcium  carbonate ; hut  the  crystalline  salts  should  he  drained 
on  several  thicknesses  of  filter  paper,  and  shown  up  on  a porous 
tile  or  on  filter  paper.  


Sodium  Chloride, — Dissolve  20  grammes  of  ordinary  wash- 
ing soda  in  about  100  c.c.  of  water  contained  in  an  evaporating 
dish,  add  hydrochloric  acid  until  the  mixture,  on  stirring  and 
boiling,  is  quite  neutral,  i.e.  does  not  change  the  colour  of  either 
blue  or  red  litmus  paper.  (The  litmus  paper  should  not  be  dipped 
into  the  solution,  but,  after  vigorous  stirring,  a small  drop 
should  be  taken  up  on  a glass  stirring-rod  and  brought  into 
contact  with  the  litmus  paper.)  As  salt  is  almost  as  soluble  in 
cold  as  in  hot  water,  the  solution  must,  after  filtering  if  neces- 
sary, be  evaporated  to  dryness  to  obtain  the  sodium  chloride. 


NajCOs  + 2HC1  = 2NaCl  -I-  CO^  -1-  HoO. 


Ammonium  Chloride.— about  30  c.c.  of  strong  hydro- 
chloric acid,  dilute  and  neutralise  by  adding  ammonium 
hydrate.  Test  the  solution  with  litmus,  as  above.  When 
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neutral,  evaporate  to  a small  bulk  and  allow  to  cool.  Drain 
the  crystals  on  several  thicknesses  of  filter  paper. 

NH4HO  + HCl  = NH^Cl  + H2O. 


Lead  Chloride. — Dissolve  5 grammes  of  lead  acetate  or  lead 
nitrate  in  distilled  water,  add  dilute  hydrochloric  acid  as  long 
as  a precipitate  falls.  Filter  o£E  the  precipitate  and  wash  with 
a little  water.  The  precipitate  may  be  dissolved  by  boiling  in 
distiUed  water,  and  on  cooling  the  lead  chloride  will  be 
obtained  in  crystals. 


Pb{N03)2  + 2HC1  = PbCla  + 2HNO3. 

• Iodide. — Dissolve  5 grammes  of  lead  acetate  or  nitrate 

in  distilled  water,  adding  a drop  or  two  of  dilute  nitric  acid ; 
then  add  a solution  of  potassium  iodide  as  long  as  a precipitate 
falls.  Filter,  wash  with  cold  distilled  water,  and  dry  on  filter 
paper.  If  the  precipitate  be  boiled  with  distilled  water  con- 
taining a little  nitric  acid,  and  the  solution  be  allowed  to  cool, 
the  lead  iodide  will  sejiarate  out  in  iridescent  golden  spangles. 


Pb(C2H302)2  + 2K:I  = Pbl.2  -1-  2KC2H3O2. 


Cu2?ric  Oxide  {Black  Oxide  of  Copper). — Dissolve  5 grammes 
m copper  sulphate  in  water ; precipitate  with  caustic  potash. 
Jioil  the  mixture,  with  constant  stirring,  until  the  blue  pre- 
cipitate (Cu(HO)2)  becomes  black  (CuO).  Filter,  wash  well, 
and  dry. 

CUSO4  + 2K1IO  = Cu(HO)2  + K2SO4. 


Cu(HO)2  = CuO  -I-  H2O. 


Mercuric  Oxide  {Red  Oxide  of  Mercury). — Dissolve  25 
grammes  or  2 c.c.  of  mercury  in  an  evaporating  dish,  in  strong 
nitric  acid  (this  must  be  performed  in  a draught  cupboard^ 
Evaporate  the  solution  to  dryness.  As  soon  as  the  liquid  has 
all  evaporated,  remove  the  white  crystalline  cake  of  mercuric 
nitrate  and  powder  it  in  a mortar.  Peplace  the  powder  in  the 
dish,  and  heat,  with  constant  stirring,  until  its  colour  is 
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uniformly  dark  and  red  fumes  cease  to  be  evolved.  Allow  it 
to  cool ; when  cold,  it  will  be  bright  red, 

3Hg  + 8HNO3  = 3Hg(N03)o  + 2NO  + 4H2O. 


Hg(NO,)2  = HgO  + 2NO2  + 0. 

Mercuric  Oxide  {Yellow  Oxide  of  Mercury). — Dissolve  5 
grammes  of  mercuric  chloride  in  distilled  water  and  precipitate 
with  caustic  potash.  Filter,  wash  and  dry. 

HgCla  + 2KH0  = HgO  + H2O  + 2KC1. 

Calcium  Carbonate. — Dissolve  10  grammes  of  lime  or  whiting 
in  dilute  hydrochloric  acid,  with  the  aid  of  heat.  Add  ammon- 
ium hydrate  to  the  solution  till  alkaline.  Filter  off  the  pre- 
cipitate (containing  usually  calcium  phosphate,  aluminium  oxide 
and  iron  oxide)  and  add  to  the  clear  liquid  ammonium  carbon- 
ate as  long  as  a precipitate  falls.  Boil,  filter,  wash  and  dry. 

Ca(HO)2  + 2HC1  = CaCla  + 2H2O; 

Or,  CaCOj  + 2HC1  = CaCL  + CO.  -I-  HgO 
CaClg  + Am^COg  = CaC03  + 2AmCl. 

Ammonium  Oxalate. — Dissolve  5 grammes  of  oxalic  acid  in 
distilled  water  ; carefully  neutralise  with  ammonium  hydrate, 
evaporate  till  a drop  taken  out  on  a glass  rod  shows  signs  of 
crystallisation  on  cooling. 

H2C2O4  + 2AmHO  = Am2Co04  + 2 HgO. 

Potassium  Nitrate. — Dissolve  10  grammes  of  caustic  potash 
or  of  potassium  carbonate  in  water  ; neutralise  with  nitric  acid, 
evaporate  to  the  crystallising  point,  and  allow  to  cooL 

K2CO3  + 2HNO3  = 2KNO3  + CO2  + H.2O. 

Barium  Nitrate. — Dissolve  10  grammes  of  barium  carbonate  in 
dilute  nitric  acid  with  the  aid  of  heat,  boil,  filter  hot,  evaporate 
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to  the  point  of  crystallisation  and  allow  to  cool.  It  is  most 
important  to  have  the  solution  dilate  and  hot  while  filtering,  as 
baiium  nitrate  is  not  very  soluble:  if  the  solution  is  strong, 
most  of  the  barium  nitrate  will  separate  out  and  remain  on 
the  filter. 


BaCOg  + 2HNOg  = Ba(N03)2  + CO^  + HgO. 


Lead  Nitrate, — Dissolve  10  grammes  of  lead  carbonate  or 
or  litharge  in  dilute  nitric  acid,  with  the  aid  of  heat;  filter  the 

solution,  evaporate  to  the  point  of  crystallisation,  and  allow  to 
cool. 

PbCOg  + 2HNO3  = Pb(N03)2  + CO2  + H2O. 


Sodium  Sulphate. — Dissolve  1 0 grammes  of  washing  soda  in 
water;  add  dilute  sulphuric  acid  till  the  solution  is  neutral  to 
litmus  paper;  filter,  if  necessary;  evaporate  the  filtrate  to  the 
crystallising  point  and  allow  to  cool. 


NaXOg  + H2SO4  = NaoSO^  + CO2  + H2O. 


Magnesium  Sulphate. — Dissolve  18  grammes  of  magnesium 
carbonate  in  dilute  sulphuric  acid  ; add  2 grammes  of  magnes- 
ium carbonate ; boil  and  filter.  Evaporate  the  filtrate  to  the 
crystallising  point ; allow  to  cool. 


MgCOa  + H2SO4  = MgSO^  + COo  + H2O. 

Zinc  Sulphate. — Dissolve  5 grammes  of  zinc  dust  or  10 
grammes  of  zinc  oxide  in  dilute  sulphuric  acid,  avoidinf^-  an 
excess  of  acid.  Filter,  evaporate  the  filtrate  to  the  crystallfsing 
point,  and  allow  to  cool.  ° 


Zn  + H2SO4  = ZnSO^  + 

ZnO  + HgSO^  = ZnSO^  + HgO. 

Copper  Sulphate.— Dissolve  (in  a draught  cupboard)  6 
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grammes  of  copper  turnings  in  an  evaporating  dish,  in  strong 
sulphuric  acid ; the  reaction  must  be  aided  by  heat.  When  the 
metallic  copper  has  been  converted  into  a gi’ey  powder  allow  the 
mixture  to  cool.  Cautiously  pour  off  the  excess  of  strong 
sulphuric  acid  and  pour  on  the  residue  cold  water ; boil,  filter, 
evaporate  the  filtrate  to  the  crystallising  point  and  allow  to 
cool.  The  strong  sulphuric  acid  converts  the  copper  into  the 
anhydrous  copper  sulphate  (mixed  with  a little  sulphide).  This 
is  insoluble  in  the  strong  acid;  on  adding  water  the  grey 
powder  dissolves  to  a blue  solution  of  ordinary  copper  sulphate 
(CUSO4  + 5H2O). 

Cu  + 2H2SO4  = C11SO4  + SO2  + 2H2O. 

Ferrous  Sulphate  (FeS04  + 7H2O). — Dissolve  5 grammes 
of  fine  iron  wire  or  reduced  iron  in  dilute  sulphuric  acid,  filter, 
evaporate,  and  crystallise ; avoid  exposure  to  the  air  as  much 
as  possible. 

Fe  + H2SO4  = FeS04  + Hg. 


Lead  Acetate  (Pb(C2H302)o  + 3H2O). — Dissolve  5 ^ammes 
of  litharge  or  lead  carbonate  by  boiling  with  acetic  acid,  filter, 
evaporate,  and  crystallise. 

PbO  + 2HC2H3O2  = Pb(C2H302)2  + HoO. 

Acid  Tartrate  of  Potassium  (HK(C4H40g)). 

{a)  Dissolve  5 grammes  of  potassium  chloride  in  a small 
quantity  of  water  and  6 grammes  of  tartaric  acid  also  in  a 
small  quantity  of  water,  mix  the  solutions  and  allow  to  stand  ; 
filter  off  the  white  pp,  and  recrystallise  from  boiling  water. 

2KC1  + H2C4H40g  = 2HKC4H4O6. 

if)  Dissolve  5 grammes  of  tartaric  acid  in  water,  divide  the 
solution  into  two  equal  parts,  neutralise  one  carefully  with 
KHO,  then  mix  it  with  the  rest  of  the  tartaric  acid,  allow  to 
stand,  filter  and  recrystallise  from  hot  "water. 


2KHO  + H2C4H4O6  = K2C4H4O6  + HaO. 

K2C4H4O6  + H2C4H4O6  = 2HKC4H40e. 
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Tartar  Emetic  (2KSb0C4H40^  + HoO).  — Boil  5 grammes  of 
antimony  oxide,  7 grammes  of  cream  of  tartar,  and  40  c c.  of 
water  for  ten  minutes,  filter  through  a funnel  and  filter  paper, 
previousl}^  warmed  by  pouring  through  them  boiling  water, 
and  allow  to  crystallise. 

SbaOa  + 2HKC4H4O6  = 2KSb0C4H406. 


In  making  these  preparations  a little  shilling  letter-balance, 
^aduated  in  grammes,  and  with  a detachable  glass  pan, 
is  most  useful.  It  can  be  obtained  at  most  of  the  apparatus 
dealers’. 


ANALYSIS  OF  A SIMPLE  SALT. 
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Part VI.]  Tests  for  Metals. 


Note.— The  metal  Cd  is  not  included  in  the  syllabus  of  the  Conjoint  Board. 
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Note  1. — Cr  is  not  included  in  the  Conjoint  Board  syllabus. 

Note  2. — The  ammonium  chloride  is  added  to  prevent  the  pption.  of  Zn  and  Mg  salts  by  the  AmHO. 
Note  3. — A white  p.p.  insoluble  in  KHO  indicates  an  oxalate  or  phosphate  [see  page  527). 


If  no  p.p.  with  AmHO  and  AmCl,  add  to  the  same  Solution  a little 
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Note.  Zmc  is  the  only  metal  in  this  group  included  in  the  Conjoint  syllabus. 
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Note. — Sr  is  omitted  in  the  Conjoint  syllabus. 


Group  VI. 

If  no  p.p.  in  preceding  groups,  treat  fresh  portions  of  orig.  sol.  successively 

as  follows  : — 
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If  no  base  is  found  test  the  solution  with  blue  litmus  paper.  The  solution  is 
stiongly  acid  and  causes  a vigorous  effervescence  with  sodium  carbonate.  It  contains  a 
free  acid  (HCl,  HNO3,  H^SO,,  HC^HgO^,  H^C^O,,  HCN,  etc  ),  the  nature  of 

winch  IS  determined  by  the  usual  tests  for  acids  (pp.  516-519). 


EXAMINATION  FOR  AN  ACID. 

Table  I. 

To  original  solid  (or  solution)  add  dil.  HCl  and  warm;  notice  if  any 

odour  is  evolved. 


516 


Chemistry, 


[Part  VI. 


Vi 

o 

09 

c3 

bX) 


>< 

u 

1-5 

H 


CO 

a 

c6 

O 

n 


CO 


C O 

t=  o 
Q ^ 

W M 

O o 


CO 

O 


o S bb 

1=  o ^ a 

<c  to— 

- c Q<^ 


OQ  h 

Cl  ™ 


o;gi3W  ^ 


o 


Q 

w| 


b 

O 

P 

O 

Q 

O 


■ as  ■ 95  ' " - ti 

;o  .c  2^  j c O _« 2 

c9 


'tS 


r -s 

6 § 


. -^c;WOC5 

o « tr  I y ~ 

o .2  _ ^ I _ * to 


to 

a 


S o -2  o) 

^ g-isg-g^pg-^^-js 

^ Cp  tOP^  9^  f S ^ 

a o o M »-'  .2 c S 
0-P'«  cS  O-uW  03.C 

O ■ 


S 

fie 

C| 


p 

K 

b 

P 

D 

02 

O 

Z 

i-H 

55 

Ph 

D 

w 

o 

cd 

D 

O 

Q 

O 


CO 

q:> 

s^* 

o !2 


0> 


o 

02 


0 

1 

ttj 


1=1  tb 

'O 

ci 

o 

S ^ oT 

c too 
o c 

Q — 9J 


1‘ii 

2K  o 


^ o 


-w  Cfc  !3 
•«*»  ~s  - 

r^-5 


'4J  *nO 


O 3 


CO 

s 

ci  • 

s S3 


o 

OQ 


>>.SP 


CO 


- £m'“'=5 

t Ss^“a2> 

rS*  <c.9gcggo 


fl  ■*^ 

h 


c 

Id 


O) 


b 

O 

a 

p 

o 

Q 

o 


CO 

o 

p 

W 

2; 

w 

H 

H 

O 

Ph 


91 


CO 


9J  to 

9 '•9 

o-g-S 

^ o a - o 


£ 
cpS 
p »j 
O 03 

O to 


P rt  § OS 


^ V 

fP+J 

.2  cs 


Note. — Sulphites,  hyposulphites  (or  thiosulphates),  and  silicates  are  omitted  from  the  syllabus 

of  the  Conjoint  Board. 


Table  II. 

Boil  a little  solid  or  a small  quantity  of  the  solution  with  excess  of 
strong  sulphuric  acid. 
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Yellow  gas, 
with  Cl-like 
smell,  which 
detonates  on 
heating. 

Chlorate, 

Odour  of 
strong 
Vinegar. 

Acetate, 

Confirm  as  in 
Table  I. 

Effervesces 
when  hot. 
CO  and  CO2 
evolved. 

Oxalate. 

CO  bums 
with  blue 
flame. 

Orig.  solution 
with  HC2H3O2 
and  CaCl2. 

White  p.p. 

Chars,  evolve? 
SO-2  and  odoui 
of  burnt  sugar. 

Tartrate. 

Stir  orig.  solu- 
tion with 
K2SO4  or 
KCl  solution. 

White  cryst. 

p.p. 

Confirnrby  the 
mirror  test, 
see  tartaric 
acid,  p.  447. 

Violet 
vapours  of 
Iodine. 

Iodide, 

Orig.  solution 
with  HNO3 
and  AgN03. 

Yellowish  p.p. 
insol.  in 
AmHO. 

Solution  with 
Cl  water  and 
little 

CHC13  gives 
violet  coloured 
solution  of 
I.  in  CHCI3. 

Brownish  Red 
1 fumes  of  Oxides 
of  Nitrogen. 

Nitrate. 

Red  fumes ; 
more  abundant 

by  repeating 
the  experiment 
with  Cu  tui-n- 
ings. 

Confirm  by 
brown  ring  test. 

Mix  cold  orig. 
solution  with 
its  own  vol.  of 
strong  H2SO4. 
Cool.  Pour  on 
FeS04  solution. 

Brown  ring 
at  junction  of 
fluids. 

Brown 

choking  fume.s 
of  Br. 

Bromide. 

Orig.  solution 
with  HNO3 
and  AgN03. 

White  p.p. 
soluble  in 
excess  of 
AinHO. 

Solution  with 
Cl  water  and 
little  CHCI3, 
gives  a brown 
solution  of 
Br  in  CHCI3. 

Colourless 
ftiniing  vapours 
of  HCl. 

Chloride. 

Confirm  by 
reheating  after 
adding  a little 
M11O2. 

Chlorine  evolved 
which  bleaches. 

Orig.  solution 
with  HNO3  and 
AgNOs  gives  a 
white  p.p. 
easily  soluble 
in  AraHO 

Note. — Chlorates  are  omitted  in  the  Conjoint  syllabus. 


Table  III. 

If  no  indication  of  the  acid  has  been  observed  at  this  stage  of  the  analysis,  the  probability 
is  that  the  salt  is  a sulphate,  phosphate  (or  perhaps  a weak  solution  of  an 

oxalate),  or  borate. 
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Note. — Borates  are  omitted  in  the  Conjoint  syllabui 


Part  VI.] 


Tests  for  Acids, 


5t^ 

Note. — If  arsenic  has  been  found  when  testing 
for  the  base,  special  tests  must  be  made  to  determine 
whether  this  element  is  present  as  a base,  probably  as 
AsClg,  or  as  an  acid  combined  with  potash  or  soda,  as 
arsenite  or  arseniate.  An  arsenite  gives  with  AgN03 
a yellow  p.p.,  an  arseniate  with  AgNOg  gives  a red  p.p. 

The  solution  of  a chromate  is  yellow  and  gives  a 
red  p.p.  with  AgNOg.  The  yellow  colour  is  turned 
dark  green  by  reducing  agents,  such  as  SOg, 
nascent  hydrogen,  etc. 

COMMON  COLOURED  SUBSTANCES. 

Red.  PbgO^  HgS,  HgO,  HgL,  FcoOg,  SboSg,  CuoO. 

Yellow.  Ferri?  salts,  PbO,  Pbl^,  HgO  (pptel), 

AS2S3,  s. 

Brown.  Ee^Og,  PbOg. 

Green.  Copper  salts,  ferrous  salts. 

Blue.  Copper  salts. 

Black.  PbS,  FeS,  Bi^Sg,  Sb2Sg,  HgS,  CuS,  CuO, 
Mn02,  C,  finely  divided  metals. 
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ADDITIONAL  HINTS. 


i.  If  tbe  original  solution  is  strongly  alkaline,  and  carbon- 
ates are  absent,  the  presence  of  a soluble  base,  such  as  ammonia, 
potash,  soda,  lime,  or  baryta  is  indicated.  Ammonia  would  bo 
detected  by  its  smell,  the  other  bases  by  a brown  n n.  on 
addition  of  AgNOg.  ^ ^ 

II.  If  the  salt  is  insoluble  in  boiling  water,  attempts  should 
be  made  to  dissolve  it  in  HCl.  If  it  dissolves  without  etfer- 
vescence,  the  absence  of  a carbonate  is  indicated.  To  prove  an 
oxide,  since  the  metal  has  been  previously  detected,  the  physical 
and  chemical  properties  of  the  oxide  of  that  metal  must  be 
borne  in  mind,  and  searched  for ; a few  oxides,  such  as  oxide 
of  mercury,  black  oxide  of  manganese,  and  peroxide  of  lead, 
evolve  oxygen  on  heating ; litharge  is  of  a characteristic  yellow 
colour;  oxide  of  bismuth  of  a lemon  colour;  oxide  of  copper 
black,  forming  with  acids  a green  solution ; oxide  of  antimony 
a buff  colour,  dissolving  when  boiled  with  tartaric  acid  solution ; 
ferric  oxide  a reddish-brown  colour;  oxide  of  zinc  a white 
colour,  turning  yellow  when  heated,  but  becoming  white  again 
on  cooling. 

III.  The  following  are  some  of  the  reactions  by  which 

some  of  the  more  commonly  occurring  bodies,  insoluble  in  HCl 
may  be  recognised  : — ’ 

Calomel,  by  its  turning  black  when  treated  with  alkalies,  and 
by  its  volatility.  If  treated  with  AmHO  and  filtered,  the  Cl 
can  be  detected  in  the  filtrate  by  acidifying  with  HNO.  and 
adding  AgNOg.  _ If  heated  in  a small  tube  with  dry  sodium 
carbonate  metallic  mercury  sublimes. 

Mercuric  Iodide,  by  its  scarlet  colour,  and  by  its  turnino- 
yellow  on  heating  and  scarlet  again  when  the  yellow  modilh 
cation  is  pressed. 

Mercurous  Iodide,  by  its  dirty-green  colour,  and  by  its 
yielding  some  yellow  and  scarlet  mercuric  iodide  when  heated 
in  a dry  tube. 

Mercurous  Oxide,  by  its  black  colour,  by  its  evolving  oxygen, 
»nd  by  its  yielding  a sublimate  of  metallic  mercury  on  heatmg! 
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Oxide  of  Silver,  by  its  brown  colour,  and  by  its  evolving 
oxygen  when  heated,  the  metal  silver  being  left. 

Sulphur,  by  its  yellow  colour,  and  by  the  peculiar  odour  of 
SO2  when  burnt. 

Charcoal,  by  its  black  colour,  by  its  deflagrating  when  heated 
with  KNO3,  and  by  its  evolving  SO,  when  boiled  with  strong 
H2SO4. 

In  many  cases,  although  a substance  is  not,  strictly  speaking, 
insoluble,  it  is  so  difficult  to  dissolve  and  so  much  acid  is 
usually  employed  by  the  student,  that  ordinary  analytical 
reactions  are  somewhat  obscured.  Thus,  some  specimens  of 
litharge  and  other  oxides  of  lead  are  very  difficult  to  dissolve ; 
in  such  cases  a preiiiiiiiiary  examination  by  the 
blowpipe,  or  in  the  dry  way,  is  often  most  useful.  This  consists 
of  four  principal  experiments: — (1)  heating  in  a small  glass 
tube  ; (2)  heating  on  charcoal;  (3)  borax  bead;  (4)  flame  colora- 
tion. The  principal  reactions  are  as  follows : 

(1)  Heat  solid  in  small  glass  tube — 

1.  Substance  sublimes  indicates  As,  Hg,  Am  salts,  etc. 

Heat  with  Na2C03,  sublimate  of  silvery 
globules  . . . . = Hg. 

garlic  odom'  and  black  mirror  . = As. 

NH3  evolved  . = NH^  salts. 

2.  Substance  chars  = Sugar,  tartrates,  etc. 

3.  Substance  turns  yellow  when  hot,  white  on 

cooling  = Zn  salts. 

4.  Gases  evolved,  brown  = Nitrate  or  bromide. 

„ „ violet  = Iodide. 

(2)  Heat  solid  on  charcoal — 

1.  Substance  deflagrates  = Nitrate  or  chlorate. 

2.  Residue  glows  = Zn,  Al,  Mg  salts. 

Residue  moistened  with  Co(N03)2  and  reheated: 

(a)  green  mass  = Zn. 

{h)  blue  mass  = Al. 

(c)  faint  pink  = Mg. 

3.  A metallic  globule  is  formed.  (The  formation  of 

these  globules  is  aided  by  the  addition  of  a little 

dry  NagCOa  before  heating.) 
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(a)  White  malleable,  no  incrustation 
(i)  „ ^ „ yellow 

(c)  „ brittle,  orange 

„ ,,  ■white 

e)  Ked  scales 


Ag  or  Sn. 
Pb. 

: Bi. 

: Sb. 

Cu. 


(3)  Borax  bead — 


1.  Green  in  both  flames  . , , . = 

2 / In  outer  flame,  green  when  hot,  blue  cold  ) _ 
' 1 In  inner  flame,  red  streaks  . . . \ “ 

3.  Blue  in  both  flames  . . . . = 

4.  In  outer  flame  violet,  in  inner  colourless  = 

g I In  outer  flame,  brown-yellow,  lighter  on  | _ 
' \ cooling ; in  inner  flame,  olive  green  j ~ 

6.  Smoke  coloured,  or  sherry  red  . • = 


Or. 

Cu. 

Co. 

Mn. 

Fe. 

Ni. 


(4)  Flame  coloration — 

1.  Crimson 

2.  Orange  red 

3.  Green 

4.  Lavender 
6.  Livid  blue 

0.  Orange  yellow 


= Sr  or  Li. 

= Ca. 

= Cu,  Ba,  or  boric  acid. 
= K. 

= As,  Sb,  Pb. 

= Na. 
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PRESENT  REGULATIONS. 

In  ^ the  regulations  applicable  to  those  commencing 
their  studies  on  or  after  June  1st,  1904,  the  candidate 
is  required — 

I. — To  perform  the  analysis  of  a simple  salt,  or  a 

mixture  of  two  metals  and  one  acid,  selected  from 
a list  which  is  the  same  as  the  list  in  the  old 
synopsis  except  that 

(a)  the  metal  tin  is  added  ; 

(b)  the  acetates,  oxalates,  tartrates,  and  cyanides 
of  any  of  the  metals  may  be  given. 

(c)  Cane  sugar,  grape  sugar,  and  urea  are  omitted : 

the  metallic  substances  may  be  present  as 
element,  oxide,  sulphide,  a simple  salt  or  a 
mixture ; the  acids  may  be  present  in  the 
free  state,  or  as  a simple  salt. 

II. — To  prepare  various  compounds  in  a well  crystal- 
lised condition  ; many  of  the  old  preparations  are 
omitted,  while  ferrous  sulphate,  lead  acetate, 
acid  potassium  tartrate,  and  tartar  emetic  are 
added. 

III.  -To  estimate  the  strengths  of  solutions  of 
potassium  or  .sodium  hydrates  by  standard  sul- 
phuric acid,  and  of  dilute  hydrochloric  or  nitric 
acids  by  standard  sodium  hydrate  ; also  to  esti- 
mate (the  strength  of)  solutions  of  oxalic  acid  by 
standard  potassium  permanganate. 

It  will  be  seen  that  under  the  new  regulations  the 
Practical  examination  is  a much  more  serious  busine.ss 
than  heretofore.  It  is  true  that  candidates  will  be 
allowed  the  use  of  books  or  tables  at  the  Practical 
examination,  but  the  student  is  most  strongly  advised 
to  learn  his  tables,  etc.,  as  if  he  does  not  know  them 
he  will  probably  lose  much  time  by  hunting  about  in 
the  books  for  what  he  wants.  The  books,  however, 
should  be  taken  into  the  examination,  as  they  may  be 
useful  if  the  student  happens  to  forget  the  equations 
illustrating  the  chemical  reactions  involved  in  testing. 
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In  the  analysis  of  a mixture  of  two  bases,  if  one  of 
the  metals  is  in  the  HoS  group  the  student  must  use 
H:S  gas  to  pp  the  metal ; the  use  of  a solution  of 
which  answers  well  enough  with  a simple  salt  is 
impracticable  with  a mixture,  since,  in  order  to  effect 
complete  precipitation,  the  volume  of  the  fluid  would  be 
increased  to  such  an  extent  that  the  subsequent  filtra- 
tions  could  not  be  effected  in  the  time  allowed. 

The  principal  difference  between  the  analysis  of  a 
simple  salt  and  a mixture  of  bases  is,  that  in  the  latter 
the  precipitates  in  the  various  groups  are  separated  off 
by  filtration,  and  the  various  precipitates  tested  as 
simple  substances,  remembering  that  each  pp  can  only 
contain  the  metals  belonging  to  that  group.  _ Thus, 
suppose  a pp  is  obtained  with  Am2C03j  this  pp  is  only 
tested  for  fea  (Sr)  or  Ca. 

Another  difference  is  that  the  same  solution  must  be 
used  from  beginning  to  end  ; thus  if  a pp  is  obtained 
with  HoS  this  pp  is  filtered  off  and  the  filtrate  (not  a 
fresh  solution)  used  for  the  rest  of  the  groups ; now  as 
this  filtrate  is  saturated  with  HoS  the  latter  must  be 
boiled  off,  otherwise,  on  adding  AmHO,  Am2S  would  be 
formed,  and  the  third  and  fourth  groups  would  come 
down  together ; in  order  to  get  rid  of  the  H2S  the 
filtrate  is  boiled  in  a dish  for  some  minutes,  till  free 
from  that  gas.  Here  another  complication  arises  : iron 
when  present  as  a ferrous  salt  is  not  completely  precipi- 
tated by  AmHO,  so  it  must  be  converted  into  a ferric 
salt ; this  is  effected  by  adding  some  strong  HNO3  and 
boiling  for  a few  minutes. 

Lastly,  the  testing  for  potassium  in  a mixture  is 
much  more  troublesome  than  in  a simple  salt,  the  flame 
coloration  is  most  misleading,  as  various  antimony, 
arsenic,  and  lead  compounds  give  a very  similar  flame 
coloration,  and  the  only  safe  way  to  test  for  potassium 
in  a mixture  is  to  evaporate  the  filtrate  from  the 
Ani2C03  group  down  to  dryness  in  a dish,  scrape  the 
residue  on  to  platinum  foil,  heat  this  till  it  is  thoroughly 
red  hot  all  over,  to  get  rid  of  ammonium  salts,  then  dis- 
solve off  the  residue  in  a few  drops  of  water,  pour  the 
solution  into  a Avatch  glass,  and  stir  with  platinum 
phloride  and  alcohol  in  the  usual  way. 
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TABLE  FOR  THE  ANALYSIS  OF  A SUBSTANCE 
CONTAINING  TWO  BASES  (TAKEN  FROM 
THE  CONJOINT  LIST). 

Dissolve  tlie  substance  in  water  (or  HCl  or  HNO3) ; 
to  the  solution  add — 

HCl  (if  a pp  occurs  see  that  it  is  not  soluble  in 
excess  of  HCl  before  proceeding), 
pp  indicates  Ag,  Hg  (ous),  or  Pb. 

Filter  oflf  pp  (keep  the  filtrate  “ A ”)  and  wash 
with  a little  water. 

Treat  the  pp  with  AmHO. 

pp  dissolves  = Ag,  confirm  as  on  p.  510. 
pp  turns  black  = Hg  (ous),  confirm  as  on 
p.  510. 

pp  unaltered  = Pb,  confirm  as  on  p.  510. 
Reactions  : group  pp. 

AgNOg  + HCl  = AgCl  + HNO3 
Hg2(N03)2  + 2HC1  ==  Hg^Cb  + 2HNO3 

calomel 

Pb(N03)2  + 2HC1  = PbCb  + 2HNO3 
Reaction  of  AmHO  on  mercurous  chloride — 

Hg2Cl2  + AmHO  = 2AmCl  + Hg20  + H2O 

black  oxide 

Pass  IIoS  (/as  through  filtrate  “A,”  best  placed  in  a 
small  flask,  till,  after  shaking,  it  smells  strongly  of  the 
gas. 

A black  or  brown  pp  = Pb,  Hg  (ic),  Cu,  Bi,  or 
Sn  (ous). 

A yellow  pp  = As,  or  Sn  (ic). 

An  orange  pp  = Sb. 

Filter  off  the  pp  (keep  the  filtrate  “B”),  wash  with  a 
little  water,  and  boil  with  KHO  (if  Sn  is  suspected  add 
AnioS)  filter  (keep  filtrate  1) ; the  residue,  not  dissolved 

PbS,  CuS,  BbSs ; boil  this  with 

a little  strong  HNO3. 

Residue  (which  settles  at  the  bottom  of  the 
tube)  is  black  = Hg  (ic),  confirm  as  on 
pp.  258  and  511. 

Solution  blue  ==  Cu,  add  AmHO,  a dark  blue 
colour,  confirm  as  on  p.  511. 
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Solution  colourless  = Pb  or  Bi,  apply  the  tests 
as  on  pp.  510  and  511. 

Filtrate  1.  Acidify  with  HCl. 

White  pp  of  sulphur  can  be  neglected. 

Yellow  pp  = Sn  S2  or  Asg  S3. 

Orange  pp  = Sbg  S3. 

Filter  off  the  pp  and  boil  with  strong  IICl  insoluble 
residue  = As,  confirm  by  bulb  tube  test,  p.  283,  and 
Pieinscli  test,  p.  284,  solution  of  pp  may  contain  Sb  or 
Sn.  Dilute  the  solution  and  pour  into  a dish  with  Zn 
and  Pt  foil. 

A black  stain  on  the  platinum  = Sb,  confirm 
by  lleinsch  test,  p,  292. 

A spongy  grey  mass  on  the  zincr=Sn,  dissolve 
the  zinc  and  tin  completely  in  strong  HCl, 
dilute  and  add  HgCla  ; a white  pp  con- 
firms Sn  (p.  267). 

Reactions : group  pp. 

PbCia  + H2S  = PbS  + 2HC1 
Same  with  Cu,  Hg,  and  Sn(ous) 

SBiCb  + 3HoS  ==  Bi^Ss  -f  6HC1 
Same  with  As  and  Sb 

Through  filtrate  B pass  a little  more  HgS  to  make 
sure  that  all  the  metals  in  the  HgS  group  are  precipitated, 
place  the  filtrate  in  a dish  and  boil  vigorously  for  three 
or  four  minutes  to  drive  oflf  the  HgS,  then  add  a few 
drops  of  strong  HNO3  and  boil;  pour  the  liquid  into 
a test  tube  and  add — 

AiiiCI  and  AiiiHO  until  the  fluid  smells  of  NH.^ 
after  mixing;  filter  off  pp,  if  any  (keep  filtrate  C). 

Busty  brown  pp  = Fe;  the  original  solution 
must  be  tested,  as  on  p.  512,  to  see  if  the 
iron  is  present  as  ferrous  or  ferric. 

Colourless  gelatinous  pp,  soluble  in  KHO  = 
A1 ; filter  off  the  pp,  tear  off  the  apex  of 
the  filter,  and  after  dipping  in  dilute 
Co(N03)2,  ignite  on  platinum  foil ; a blue 
mass  confirms  Al. 

A white  pp  not  soluble  in  KHO  may  be  calcium, 
barium,  or  magnesium  oxalate  or  phos- 

Ehate ; test  for  the  acid  : 
f an  oxalate  is  found,  filter  off  the  pp 
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and  ignite  on  platinum  foil,  this  converts 
it  into  a carbonate  (see  bottom  of  p.  444) 
which  can  be  dissolved  in  HCl,  and  the 
metal  tested  for  as  on  pp  512-515. 
ii.  If  a phosphate  is  found,  a careful  examina- 
tion of  the  flame  coloration,  after  moisten- 
ing with  strong  HCl,  will  generally  decide 
between  Ca  and  13a.  See  also  note  at  the 
end  of  this  table. 

deactions : Group  pp 

FeCb  + 3AmHO  = Fe(HO)3  + 3AmCl 

Same  with  A1 

To  filtrate  C add  AiiioS. 

White  pp  = Zn  ; filter  off  the  pp  (keep  filtrate 
D),  scrape  off  the  pp  with  a loop  of  platinum 
wire,  moisten  with  dilute  Co(N03)2,  and 
heat  carefully  in  a Bunsen  burner;  a green 
residue  on  tlie  wire  confirms  Zn. 


Jleaction : group  pp 

ZnClg  + Am2S  = ZnS  + 2AraCl 

[If  the  fluid  turns  green  or  gives  a black  pp  with 
AniaS,  this  indicates  imperfect  precipitation  of  the 
metals  in  the  H2S  or  AmHO  group.] 


To  filtrate  D add  A1H2CO3. 

Pp  = Ca  or  Ba  ; filter  off  pp  (keep  filtrate  E), 
wash  with  water  and  pour  on  the  filter 
j)aper  a little  hot  dilute  HCl ; if  necessary 
pour  the  liquid,  which  runs  through,  oyer 
the  filter  a second  time,  divide  the  solution 
into  two  parts— “ a ” and  “ b ” ; to  “ a ” add 
CaS04  white  pp  = Ba,  confirm  by  flame 
coloration  (p.  514). 

No  pp  with  CaSC)4  = absence  of  Ba : to  “ b,”  add 
AmHO  and  Am2C204  white  pp  = Ca, 
confirm  by  flame  coloration. 


Jleaction : group  pp 


BaCb  + Am^COg  = BaCOg  -f  2AmCl 
Same  with  Ca 


ConfirTnatory  tests  : 
BaCb  + 
CaCla  -f 


CaS04  = BaS04  + CaClg 
Am„C204  = CaC204  + 2AmCl 
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To  a small  portion  of  filtrate  E add  IIi\a2P04,  and 
rub  the  sides  of  the  test  tube  with  a glass  rod. 

White  pp  = Mg. 

Reaction  : 

MgCla  + AmHO  + = MgNH4P04  + 2 AmCl 

White  pp 

Evaporate  the  rest  of  filtrate  E to  dryness,  scrape 
the  residue  on  to  platinum  foil  and  make  the  latter  red- 
hot  all  over.  Shake  the  foil  in  a test  tube  with  a little 
water  until  any  residue  on  the  foil  is  dissolved.  Pour 
nearly  all  the  solution  into  a watch  glass  and  stir  with 
PtCl4  and  alcohol,  a yellow  cryst.  pp  = K ; confirm,  if 
possible,  by  Hame  coloration. 

2KC1  -f  PtCj’4  = K^PtClg 

No  pp  with  PtCb  = absence  of  K. 

The  remainder  of  the  solution  gives  an  intense  yellow 
flame  coloration  = Na. 

Test  the  original  substance  for  ammonium  by  boiling 
with  KlIO,  or  mixing  the  solid  with  a little  solid  lime 
and  water,  NH3  gas  is  evolved,  turning  moist  red  litmus 
blue  = Am. 

NH4CI  -f  KHO  = NH3  -h  KCl  + H2O. 

Note  1.— If  the  pp  in  the  AmHO  group  contains  phosphoric 
acid  it  should  he  treated  as  follows  : 

Dissolve  the  pp  in  dilute  HCl,  nearly  neutralise  with 
NaoCOg  solution,  add  an  excess  of  sodium  acetate 
and  a little  acetic  acid;  FeCb  is  then  added  till  the  fluid 
turns  yellow,  vFen  the  whole  is  boiled  and  filtered  (in 
this  way  the  phosphoric  acid  is  precipitated  as  ferric 
phosphate  (FeP(  >4)  and  the  excess  of  iron  thrown  down 
by  boiling,  as  basic  acetate).  The  filtrate  is  made  alkaline 
by  adding  AmHO,  and  again  filtered  if  necessary;  the 
filtrate  is  tested  for  Ca,  Ba,  and  Mg  as  usual. 

Iron  phosphate  can  he  detected  by  the  usual  tests,  usino- 
K4FeCyg  and  K^FeCyg  for  the  iron.  ° 

Note  2. — If  a tartrate  is  found,  filtrate  B should  be  evaporated 
quite  to  dryness  with  HNO3,  or  the  original  substance 
ignited  on  platinum  foil ; since  a tartrate  prevents  th<S 
precipitation  of  iron  by  AmHO,  and  the  iron  comes  down 
as  a black  pp  in  the  AmoS  group. 

Note  3. — Insoluble  substances  as  BaS04  should  he  fused  on 
platinum  foil  with  about  thi’ce  times  their  weight  of 
Na2C03,  the  fused  mass  extracted  with  water  and  filtered 
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the  filtrate  contains  the  acid  as  a sodium  salt,  and  the 
residue,  insoluble  in  water,  the  metal,  as  carbonate,  which 
can  be  dissolved  in  dilute  HCl  and  tested  for  as  usual. 
BaS04  + Na;;C03  =z  Na.2S04  + BaCOs 

The  same  decomposition  can  be  partially  effected  by 
boiling  the  BaS04  with  a strong  solution  of  NajCOs. 
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VOLUMETRIC  ANALYSIS. 

Volumetric  analysis  is  so  called  because  the  quantity 
of  a substance  is  estimated  by  measuring  a certain 
volume  of  a liquid,  as  contrasted  with  gravimetric 
analysis  in  which  the  substance  is  precipitated,  filtered, 
washed,  dried,  and  weighed. 

Thus,  suppose  the  amount  of  chlorine  in  a solution 

of  salt  is  to  be  determined — 

By  the  gravimetric  method  an  excess  of  silver  nitrate 
solution  is  added  to  a known  volume  of  the  solution  of 
salt,  all  the  chlorine  is  thrown  down  as  silver  chloride, 
this  is  filtered  off,  washed  till  free  from  silver  nitrate, 
dried,  the  filter  paper  burnt  off,  and  the  silver  chloride 
weighed.  This  procedure  obviously  takes  a considerable 
time  and  requires  a delicate  balance.^ 

By  the  volumetric  method  a solution  of  silver  nitrate, 
of  which  the  strength  is  accurately  known,  called  the 
standard  solution,  is  added  from  a graduated  vessel  to 
a known  volume  of  the  salt  solution  contained  in  a 
stoppered  bottle,  a precipitate  of  silver  chloride  is 
formed,  which  is  well  shaken  and  allowed  to  settle,  more 
standard  solution  is  added,  and  so  on  until  the  last 
addition  of  silver  nitrate  gives  no  precipitate  ; if  we 
know  the  volume  of  standard  solution  used,  and  its 
strength,  we  can  estimate  the  chlorine  in  about  as  many 
minutes  as  the  gravimetric  process  takes  hours. 

Suppose,  for  example,  the  standard  silver  nitrate 
solution  was  of  such  a strength  that  one  cubic  centi- 
metre would  precipitate  exactly  1 centigramme  ('01  grm.) 

of  Cl.  . . n M 

50cc.  of  salt  solution  required  40cc.  of  standard  silver 

nitrate  solution  to  precipitate  all  the  Cl. 

As  Icc.  = O'Ol  gramme  of  Cl^ 

40cc.  = 0*4  gramme  of  Cl  in  50cc.  of  the  salt  solu- 
tion, or  ‘65  gramme  of  sodium  chloride. 

The  standard  solution  can  be  made  of  any  strength, 
but  a certain  strength  is  found  to  be  particularly  con- 
venient for  ordinary  work ; this  is  the  normal  solution. 
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A normal  solution  contains  the  hydrogen  equivalent 
of  the  active  substance  in  grammes  per  litre  or  l,000cc. 

Thus  normal  HCl,  usually  written  ^HCl,  contains 

1 + 35*5  = 3G’5  grammes  of  HCl  per  litre. 

yHNOg  1 + 14  + 48=63  grammes  of  HNOg  per  litre. 


63  grammes 


of  oxalic  acid  per  litre. 

32-|-64  p ^ 

yHgbUi = 49 grammes  of  H2SO4  per  litre; 


it  will  be  noticed  that  the  molecular  weights  of  the 
dibasic  acids,  oxalic  and  sulphuric,  are  divided  by  2 so 
as  to  obtain  the  weights  which  contain  one  of  replaceable 
hydrogen. 

N 

yNaHO  23  -j-  1 + 16  = 40  grammes  of  NaHO  per 


litre. 

N ^ 

yKHO  39  + 1 + 16  = 56  grammes  of  KHO  per  litre. 


j-Ba(HO)2  ~^2  ^ grammes  of  Ba(HO)2 

per  litre. 


Very  often  the  normal  solution  is  too  strong  and  ~ 
N 

a decinormal,  or  centinormal,  solution  is  employed 
instead. 


great  advantage  of  normal  solutions  of  acids  and 
alkalies  is  that  a litre  of  any  or  all  of  them  has  exactly 
the  same  neutralising  power,  thus— 

NaHO  + HCl  = NaCl  + H2O 
KHO  + HCl  = KCl  + H2O 
^e.  40  grammes  of  NaHO  neutralise  the  same  weight  of 
HCl  as  66  grammes  of  KHO,  and  these  are  the  respective 

quantities  contained  in  a litre  of  yNaHO  and  ^KHO, 

BO  that  a litre  of  normal  soda  neutralises  the  same  quan- 
tity of  acid  as  a litre  of  normal  potash. 

The  same  holds  good  with  the  acids  thus — 


Chemistry. 


[Part  VI 


532 

NatlO  + HCl  = NaCl  + H^O 
2NaHO  + H SO4  = NaSO^  + 

i.e.  36'5  grammes  of  HCl  neutralise  40  grammes  of  NaHO, 
and  98  grammes  of  H2SO4  neutralise  80  grammes  of 
NaHO,  or  49  grammes  of  H2SO4  neutralise  40  grammes 

of  NaHo.  So  a litre  of  YH2SO4  neutralises  the  same 

weight  of  NaHO  as  a litre  of  yHCl. 

In  order  to  make  accurate  determinations  by  volu- 
metric analysis  there  are  required  three  essentials  ; 

1.  Accurately  graduated  vessels. 

2.  Accurate  standard  solutions,  which  must  not  be 
too  strong. 

3.  The  change  which  denotes  the  end  of  the  reaction 
must  be  sharp  and  easily  recognised  by  the  eye. 

The  various  volumetric  processes  may  be  divided 
into  three  main  groups. 

1.  Those  in  which  one  substance  neutralises 

another  of  opposite  properties,  as  when  an 
acid  is  added  to  a base,  or  a base  to  an 
acid. 

2.  Those  in  which  a reducing  or  oxidising  agent 

of  known  strength  is  used. 

Reducing  agents  : Solutions  of  ferrous 
salts,  oxalic  acid,  sodium  thiosulphate,  etc. 

Oxidising  agents  : Potassium  permangan- 
ate, ^potassium  bichromate,  iodine,  etc. 

3.  Those  in  which  the  standard  solution  pre 

cipitates  the  substance  to  be  analysed,  as 
silver  by  solution  of  salt. 

The  fluid  to  be  analysed  is  conveniently  measured  in 
a pipette  or  a measuring  flask  ; the  standard  solution  is 
delivered  from  a vertical  glass  tube  of  uniform  bore 
called  a “ burette,”  which  usually  contains  50  cc.  and  is 
graduated  into  of  a cc. ; it  is  furnished  at  its  lower 
end  with  some  kind  of  tap.  The  loiver  meniscus  of  the 
fluid  surface  is  usually  read,  and  the  eye  must  be  level 
with  the  meniscus  when  reading.  The  burette,  after 
thorough  washing  with  distilled  water,  should  always 
be  rinsed  out  with  a small  quantity  of  the  standard 
solution,  and  the  air  bubble  in  the  tap  washed  out 
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before  reading;  the  graduation  at  which  the  meniscus 
stands  should  always  be  written  down  before  commenc- 
ing the  analysis. 


VAKIOUS  TYPICAL  ESTIMATIONS. 


1.  Estimation  of  the  strength  of  a solution  of  KHOor 
NaHO  by  standard  acid. 

N N 

For  these  estimations  Y To  employed  in 

the  laboratory,  but  in  examinations  an  acid  of  any 
strength  may  iDe  given ; in  any  case  the  strength  must 
be  known. 


10,  20,  or  50  cc.  of  the  solution  is  measured  off  in  a 
pipette  or  measuring  flask,  and  placed  in  a flask  or 
beaker;  some  substance  termed  an  “indicator”  is  then 
added,which  indicates  by  its  change  of  colour  whether  the 
solution  is  alkaline  or  acid  ; it  is  also  advisable  to  dilute 
the  solution  with  distilled  water.  The  indicators  em- 
ployed are — 

Litmus,  blue  wuth  alkalies,  red  with  acids. 

Phenolphthalein,  pink  with  alkalies,  colourless  with 
acids. 

Turmeric,  reddish  brown  with  alkalies,  pale  yellow 
with  acids, 

^ Cochineal,  reddish  violet  with  alkalies,  yellow  with 
acids. 

^ Methylorange,  yellow  with  alkalies,  red  with  acids. 
Litmus  is  not  good  when  artificial  light  is  used. 
Phenolphthalein  should  not  be  used  with  ammonia. 
Cochineal  _ and  methylorange  are  not  affected  by 
carbonic  acid. 


^ The  standard  acid  is  added  carefully  till  the 
“indicator”  denotes  that  the  solution  is  just  acid 
It  saves  time,  if  two  quantities  of  the  solution  can  be 
obtained,  to  run  in  the  standard  acid  in  quantities  of 
Icc.  at  a time,  so  as  to  get  a rough  idea  of  how  much 
acid  is  required,  and  then  to  repeat  the  experiment, 
running  in  of  a cc.  towards  the  end  of  the  experi- 
ment, thus — 

Suppose  25cc.  of  the  acid  failed  to  turn  the  colour  of 
the  indicator,  but  26cc.  was  obviously  too  much,  the 
experiment  is  repeated  with  the  second  half  of  the  solu- 
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tion,  24‘5cc.  of  the  acid  is  run  in  and  then  2 drops  (- 
,Lcc.)  added,  at  a time,  until  the  colour  changes  In 
this  way  an  accurate  result  can  be  obtained  without 
unnecessary  delay. 

Suppose  the  problem  was  “ To  find  the  strength  per 

litre  of  a solution  of  KHO,y  acid  being  given,”  as  the 

acid  is  of  “ normal  ” strength  the  nature  of  the  acid, 
whether  HCl,  H2SO4,  etc.,  makes  no  difference. 
25cc.  of  the  KHO  solution  is  taken,  and  one  or  two 
drops  of  an  alcoholic  solution  of  phenolphthalem  added, 
the  solution  turning  pink. 

28cc.  of  acid  failed  to  destroy  the  pmk  colour,  but 
29cc.  rendered  the  fluid  colourless.  ' . „ 

The  experiment  is  repeated  with  a second  portion  or 
25cc.  28cc.  of  the  acid  are  run  in  at  once,  and  then  two 
drops  at  a time  j the  colour  goes  at  28’3cc. 

So  28’  3cc.  of  the  S neutralise  25cc.  of  the  solu- 
tion; now  28-3CC.  of  y acid  neutralise  28'3cc.  of  yKHO, 
which  contains  56  grammes  in  the  litre. 

28-3cc.yKHO  contain  5521^  = 1-58  grammes 


of  KHO.  . , . 

And  this  is  the  quantity  in  25cc.  of  the  solution  being 
analysed : 

As  25cc.  contain  f-58  grammes 
. • . lOOOcc.  contain  63*2  grammes. 

A similar  procedure  is  adopted  with  the  other  acids 

and  bases.  „ r 

To  take  another  example.  “ Find  the  strength  ot  a 

solution  of  nitric  acid,  and  calculate  the  amount^!  water 
to  be  added  to  it  to  bring  it  to  y strength,  -NaHO 


being  provided.”  i i . i i • 

25cc.  of  the  nitric  acid  are  taken,  phenolphthalem 

added  as  before,  and  the  yNaHO  run  in  from  the 

burette  ; when  30cc.  have  been  added  the  solution  is 
still  colourless,  but  at  3lcc.  it  is  pink.  Hepeating  the 
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experiment  with  a second  quantity  of  25cc.,  the  colour 
changes  at  30‘6cc. 

N"  "NT 

Now  30-6CC.  jNaHO  neutralise  30-6cc.  of  — HNO3, 

N ^ 

and  yHNOa  contains  63  grammes  in  lOOOcc. 

. • . 30-6  contain  — = 1-0278  grammes  HNO3. 

So  25cc.  of  the  solution  of  HNO3  contain  1'9278 
grammes  HNO3,  and  lOOOcc.  of  the  solution  of  HNO3 
contain  77'112  grammes  HNO3. 

N 

Again,  yHNOs  contains  63  grammes  in  lOOOcc.  and 

77-112  grammes  would  be  contained  in  X 77-112  _ 

63 

1224CC. 

So  224cc.  of  water  must  be  added  to  1 litre  of  this 
HNO3  to  reduce  it  to  normal  strength. 


OXIDATION  BY  KMn04. 

The  process  of  oxidation  by  a solution  of  potassium 
permanganate  can  be,  at  first,  most  profitably  studied 
with  the  ferrous  salts. 

The  reaction  is  represented  by  the  equation— 

10FeSO4  “h  9H2SO4  -f  2KMn04  = 5Fo2  (S04)3 
+ 2 MnS04  + 2HKSO4  + 8H2O. 

It  will  be  seen  that  in  the  above  equation  10  atoms 
of  iron  are  oxidised  to  the  ferric  state  by  2 molecules  of 
potassium  permanganate,  or  1 molecule  of  KMn04 
oxidises  5 atoms  of  Fe  : now,  two  atoms  of  iron  in  the 
ferrous  state  require  1 atom  of  oxygen  to  convert  them 
into  the  ferric  condition,  thus 

2FeO  + O = FeoOa, 

and  1 atom  of  Oxygen  is  equivalent,  as  regards  valency, 
to  2 atoms  of  Hydrogen. 

So  that,  as  far  as  the  above  equation  is  concerned, 

1 atom  of  O oxidises  2 atoms  of  Fe  = 2 atoms  of  H. 

. * . 1 molecule  of  KMn04  oxidises  5 atoms  of  H, 
and  the  weight  of  KMn04  (the  hydrogen  equivalent) 
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required  to  form  a y solution  of  KMn04  is  one-fifth  of 
its  molecular  weight  = = 31-6  grammes. 

So  Y solution  of  KMn04  contains  31 -6  grammes  in 

the  litre.  ^ ^ . 

Ordinary  ferrous  sulphate,  FeSO^.  + 7II2O,  is  apt 
to  oxidise  on  keepin",  so  the  ferrous  ammonium  sul- 
phate FeSO^  + Am^SO^  + GH^O,  which  keeps  well,  is 

preferable.  ...  , 

Suppose  the  strength  of  a KMnO^  solution  is  to  be 

determined — 

0-7  gramme  of  the  above  salt  (after  powdering  and 
pressing  between  filter  paper)  is  weighed  out  and  dis- 
solved in  about  200cc.  of  distilled  water  which  has 
been  previously  boiled,  to  free  it  from  air,  and  acidulated 

withH^SO^,.  ^ 1 r .-1 

The  KM11O4  is  run  in  from  a burette,  as  before,  until 

the  solution  turns  pink,  i.e.  until  all  the  iron  has  been 
oxidised  and  the  KMnO^  is  no  longer  decolorised. 

Suppose  18cc.  are  required  to  produce  a pink 
colour  : 

FeSO,  + (NH  J2  SO,  + GH^O  = 5G  + 32  -fi  G4  + 3G  -b 
32  Y 64  4-  108  = 392  ; so  392  grammes  of  the  sulphate 
contain  5G  grammes  of  Fe, 

•7  X 5G  TTI 

and  *7  gramme  contains  — — = OT  he. 

. • . 18cc.  oxidise  OT  gramme  of  Fe  from  the  ferrous  to 


the  ferric  state,  and  Icc.  oxidises 


OJ. 

18 


•00555  gramme  of 


Fe ; the  solution  is  therefore  slightly  weaker  than 
decinormal  Icc.  of  which  would  oxidise  -005G  gramme 

of  Fe.  , . • 1 

If  the  strength  of  the  KMnO,  solution  is  known,  it 

can  be  used  to  determine  the  amount  of  iron  in  any  sub- 
stance containing  that  metal,  but  the  iron  must  be  in  the 
ferrous  state  ; if  it  is  present  as  ferric  iron  it  must  be  re- 
duced by  nascent  hydrogen  (zinc  and  sulphuric  acid)  or 
by  passing  SO2  gas,  etc.,  until  the  solution  is  colourless. 
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As  an  example  0'5  gramme  of  an  iron  ore  was  dis- 
solved, the  solution  reduced  with  zinc,  the  excess  of  zinc 
removed, 

N 

the  solution  required  42cc.  of  — KMnO^  to  turn  it 
pink. 

N 

Icc.  of  — KMn0.i,  oxidises  ’0056  gramme  Fe 

X V * 

N 

. ' . 42cc.  of  ^ KM11O4  oxidise  ’2352  gramme  Fe. 

'2352  X 100 

So  the  ore  contained  in  100  parts  = 47‘04 

% Fe. 

KM11O4  solution  has  the  disadvantage  that  it  cannot 
be  used  in  the  presence  of  HCl ; it  is  also  reduced  by 
organic  matter. 

ACTION  OF  POTASSIUM  PERMANGANATE  ON 

OXALIC  ACID. 

The  reaction  between  KMn04  and  H2C2O4  is  repre- 
sented by  the  equation 

5(H2Co04  +2H2O)  -1-  2KMn04  + 3H2  SO4  = 

10  CO2  + K2SO4  + 2 MnS04  + 18  H2O. 

Two  molecules  of  KMn04  oxidise  5 molecules  of 
Oxalic  acid,  which  crystallises  with  2 molecules  of  water. 

Tw'o  molecules  of  KMn04  evolve  5 atoms  of  oxygen 
(see  oxidation  of  Fe  by  KM11O4,  p.  535).  So  one  atom 
of  oxygen  oxidises  one  molecule  of  oxalic  acid. 

H2C20^  + 2H2O  + O ==  2CO2  + 3H2O 
N 1 26 

and  ~ oxalic  acid,  i.e,  = 63  grammes  to  the  litre,  will 

be  exactly  oxidised  by  an  equal  volume  of  y perman- 
ganate, containing  31 ’6  grammes  in  the  litre,  because 
31‘6  grammes  of  KMn04  evolve  8 grammes  of  oxygen 
(see  equation  on  p.  535),  which  oxidise  half  a molecular 
weight  or  63  grammes  of  oxalic  acid,  as  seen  in  the 
equation  above. 

As  an  example,  take  the  following  problem  : — “ Find 
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N 


the  strength  of  a solution  of  oxalic  acid,  YKMn04  being 


33 


given. 

50cc.  of  the  oxalic  acid  solution  is  taken,  acidified 
with  sulphuric  acid,  and  heated  to  about  60°C.  (as  the 

"NT 

reaction  does  not  start  at  once  in  the  cold) ; ^KMn04 


is  added  till  the  fluid  is  just  pink. 

Suppose  45cc.  of  the  YKM11O4  is  required,  45cc.  of 

Y^MnO^  will  just  colour  45cc.  of  ^^2^204  which 

contains  45  X '063  = 2‘83  grammes. 

50cc.  of  the  solution  given  therefore  contain  2 ’83 
grammes,  and  lOOOcc.  of  the  solution  given  contain  56*6 
grammes  of  crystallised  oxalic  acid,  H2C2O4  + 2H2O. 

For  some  purposes  a solution  of  potassium  bi- 
chromate is  preferable  to  a solution  of  potassium  per- 
manganate, since  it  is  not  affected  by  the  presence  of 
hydrochloric  acid  or  organic  matter.  The  reaction  is 

eFeCla  + KaCrsO?  + 14HC1  = bFeCls  + 2KC1 
+ Cr2Cl6  + 7H2O 


1 molecule  of  K2Cr207  oxidises  6 atoms  of  Fe. 

N . 78  + 104-8  + 112 

So  Y^2Cr207  contains  g = 49'13 

grammes  in  lOOOcc. 

There  is  no  marked  change  of  colour  when  the  iron  is 
completely  oxidised  with  HCl  and  K2Cr207,  so  that  the 
solution  is  tested  for  the  presence  of  a ferrous  salt  by 
withdrawing  from  time  to  time  small  drops  of  the  liquid 
and  mixing  them  on  a white  plate  with  drops  of  a weak, 
freshly-made  solution  of  potassium_  f erricyanide  ; as  long 
as  any  ferrous  salt  remains,  the  mixture  turns  blue,  but 
as  soon  as  the  oxidation  is  complete  no  colour  is 
produced  on  mixing  the  drops.  Hydrochloric  _ acid  is 
used  to  acidify  the  solution  instead  of  sulphuric  acid, 
in  other  respects  the  estimation  of  ferrous  iron  by 
bichromate  can  be  carried  out  as  described  under 
potassium  permanganate. 
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Absolute  alcohol,  403 
Acetamide,  466 
Acetanilide,  4S1 
Acetate  of  ammonium,  123 

of  amyl,  416 

of  copper,  324 

of  ethyl,  409 

of  iron,  314 

of  lead,  273 

of  morphine,  473 

of  potassium,  214 

of  zinc,  248 

Acetates,  Radicle  of,  39 

, Tests  for,  436 

Acetic  acid,  433 

, Tests  for,  436 

aldehyde,  410 

ether,  409 

Acetone,  400 
Acetylene,  154,  390 
Acid,  Definition  of,  40 

salt.  Definition  of,  41 

, Acetic,  433 

, , Glacial,  435 

, Amidoacetic,  467 

, Amidocaproic,  469 

. Arsenic,  281 

, Arsenious,  280 

, Benzoic,  459 

, Boracic,  167 

, Boric,  167 
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, Butyric,  436 
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, Examination  for  an,  516 
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, Formic,  432 
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, Halides,  383 

, Hippuric,  460,  468 
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Acid,  Hydrochloric,  130 

, Hydrocyanic,  366 

, Hydrofluoric,  149 

, Hydroxybenzoic,  461 

, Hypobromous,  144 

, Hypochlorous  135 

, Hypophosphorous,  l7t) 

, Iodic,  148 

, Lactic,  441 

, Lithic,  466 

■  , Malic,  445 

, Margaric,  438 
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, Meta  phosphoric,  177 

, Methylsulphuric,  400 

, Muriatic,  130 

, Myronic,  480 

, Nitric,  112 

, Nitro-hydrochloric,  132 

, Nitrous,  109 

, Oleic,  438 

, Organic,  382 

, Orthophosphoric,  175 

■  , Oxalic,  443 

, Palmitic,  437 

, Perchloric,  139 

, Phenic,  456 

, Phosphoric,  175 

, , Glacial,  178 

, Phosphorous,  178 

, Picric,  457 

, Prussic,  366 

, Pyrogallic,  458 

, Pyroligneous,  435 

, Pyrophosphoric,  177 

, Racemic,  447 

, Salicylic,  461 

, Sarcolactic,  441 

, Silicic,  163 

, Stearic,  438 

, Succinic,  445 

, Sulphethylic,  410 

, Sulphocarbolic,  457 

, Sulpho-ichthyolic,  483 

, Sulphovinic,  410 

, Sulphuric,  192 

, Sulphurous,  191 

, Tannic,  462 


540 


L\dex. 


Acid,  Tartaric,  446 

, Tliiosulphuric,  201 

, Trichloracetic,  435 

, Uric,  466 

•  , Valerianic,  416 

Acids,  action  on  cane  sugar,  424 

, action  on  carbonates,  57 

, action  on  hydrates,  56 

, action  on  oxides,  57 

, action  on  starch,  421 

, Fatty,  430 

, Organic,  430 

, Properties  of,  40 

Acidulous  radicles,  35 

, Bivalent,  39 

, Lists  of,  39 

, Quadrivalent,  40 

, Trivalent,  39 

, Univalent,  39 

Acrolein,  418 
Affinity,  Chemical,  6 
Agate,  163 
Air,  95 

, Analysis  of,  97 

, Chemistry  of,  96 

, Composition  of,  96 

, Constituents  of,  96 

dissolved  in  water,  98 

, Composition  of,  98 

, Foul,  101 

- — , Impurities  of,  103 

, Preparation  of  oxygen  from,  73 

, reduction  process,  268 

Aix-la-Chapelle  water,  89 
Alabaster,  231 
Alcohol,  401 

, Absolute,  403 

, Amyl,  415 

, Butyl,  415 

, Ethyl,  401 

, Methyl,  398 

, Propyl,  397 

, Synthesis  of,  401 

Alcohols,  381,  396 

, Dihydric,  416 

, Monohydric,  396 

, Polyhydric,  419 

, Primary,  397 

, Secondary,  397 

■  , Tertiary,  397 

, Trihydric,  417 

Aldehyde,  410 

•  , Acetic,  410 

■  , Benzoic,  468 

, Trichlor,  411 

Aldehydes,  381 
Alkaloids,  469 
, Animal,  477 

, Constitution  of,  470 


Alkaloids,  Extraction  of,  469-477 

, Liquid,  477 

, Rare,  476 

, Vegetable,  469 

, Volatile,  477 

Allotropic  bodies,  151 
Almonds,  Essential  oil  of  bitter, 
367,  458 
Alum,  263 

, Ammonia,  263 

, Burnt,  263 

, Chrome,  263,  297 

, Definition  of,  263 

, Iron,  263 

, Potash,  263 

schist,  261 

shale,  263 

Alumina,  262 
Aluminium,  261 

bronze,  262,  321 

chloride,  264 

gold,  321 

hydrate,  262 

, Natural  compounds  of,  261 

oxide,  262 

, Preparation  of,  261 

silicate,  164 

sulphate,  263 

, Tests  for,  264 

Amalgamation  process,  326 
Amalgams,  250 
Amethyst,  163 
Amides,  383,  465 
Amidoacetic  acid,  467 
Amido  acids,  467 
Amines,  383,  464 
Ammonia  gas,  116 

, Composition  of,  119 

, Preparation  of,  116 

, Properties  of,  118 

, Tests  for,  120 

Ammonia-soda  process,  224 
Ammouiacal  tar  liquor,  121 
Ammonium,  120 

acetate,  123 

amalgam,  120 

benzoate,  123 

bicarbonate,  122 

bromide,  123 

carbamate,  122 

carbonate,  122 

chloride,  121 

citrate,  123 

cyanate,  373 

nitrate,  105,  122 

oxalate,  123,  506 

sulphide,  123 

Ammonium  salts,  121 
, Sources  of,  121 
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Ammonium  salts,  Tests  for,  123 
Amygdalin,  479 
Amyl  acetate,  416 

alcohol,  415 

nitrite,  416 

Amyloses,  419 
Analysis,  9 

, Methods  of,  510-529 

of  organic  compounds,  339-354 

, Tables  for,  510-529 

, Ultimate,  339 

, Volumetric,  530-538 

Analytical  tables,  510-529 
Anhydride,  Arsenic,  279 
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, Carbonic,  156 

, Hypochlorous,  134 

, Nitric,  111 
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, Phosphoric,  175 

, Phosphorous,  174 

, Silicic,  163 

, Sulphuric,  190 

, Sulphurous,  188 
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Animal  black,  152 
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Antimonic  chloride,  290 

oxide,  289 

Antimonious  chloride,  289 

oxide,  289 

Antimony,  288 

, Black,  288 

, Butter  of,  290 

ore,  288 
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, Preparation  of,  288 

sulphide,  288,  291 

, Sulphurated,  291 

, Tartarated,  290 

, Tests  for,  291 

trichloride,  289 

trioxide,  289 
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ApoUinaris  water,  89 
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Aquafortis,  113 

Aqua  regia,  113,  133 

Aqueous  vapour  in  the  air,  100 

Argentum,  13 

Argol,  211,  446 

Argon,  103,  207 

Argyrol,  481 

Aromatic  group,  452 

Axseniates,  Radicle  of,  39 


Arsenic,  277 

acid,  281,  288 

anhydride,  279 

, Antidote  for,  279 

chloride,  282 

group,  295 
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iodide,  283 

, Natural  compounds  of,  277 

oxide,  279 

pentoxide,  279 

, Preparation  of,  277 

, Properties  of,  278 

, Tests  for,  283 

, White,  278 

Arsenious  acid,  280,  288 

anhydride,  278 

iodide,  283 

oxide,  278 

Arsenites,  Radicle  of,  39 
Arseniuretted  hydrogen,  285 
Artiads,  35 
Asbestos,  164,  240 
Aspirin,  481 

Asymmetric  carbon  atom,  448 
Atmosphere,  Analysis  of,  97 

, Chemistry  of,  96-103 

, Composition  of,  96 

, Impurities  of,  96,  102 

, Preparation  of  oxygen  from, 
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weights,  13,  14 
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, Change  of,  32 
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Atoms,  15 
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Balmain’s  luminous  paint,  236 
Barff ’s  process,  306 
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Barium,  237 

chloride,  238 

dioxide,  237 

hydrate,  237 

, Natiu-al  compounds  of,  237 
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oxide,  237 

peroxide,  237 

, Tests  for,  238 

Baryta,  237 
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water,  237 

Bases,  Definition  of,  41 

, Properties  of,  41 

Basic  salt,  41 
Bath  waters,  89 
Bauxite,  261 
Beckmann’s  apparatus  for  depres- 
sion of  freezing  point,  357 
Beer,  402,  403 
Bell  metal,  321 
Benzene,  452,  454 

derivatives,  453 

ring,  452 

Benzoic  acid,  459 

aldehyde,  458 

Benzol,  454 
Benzoline,  386 
Benzosol,  482 
Bessemer  process,  304 
Bismuth,  293 

nitrate,  293 

oxide,  293 

oxycarbonate,  294 

oxynitrate,  294 

, Tests  for,  294 

Bitartrate  of  potash,  446 
Bittern,  140 
Bivalvent  elements,  29 
Black  antimony,  288 
Black  ash,  223 
Black  flux,  283 
Blacklead,  152 
Blast  furnace,  301 
Bleaching  powder,  136 
Blende,  244 
Blister  steel,  305 

Blowpipe  (or  preliminary)  examina- 
tion, 521 
Bluestone,  323 
Blue  vitriol,  323 
Boiling  point  detennination,  359 
Bone-black,  152 
Boracic  acid,  167 

, Tests  for,  169 

Borates,  Radicle  of,  39 
Borax,  168 
Boric  acid,  167 

, Tests  for,  169 

Boron,  166 
Boyle’s  law,  493 
Brandy,  403 
Brass,  246,  321 
Brimstone,  185 
Bristol  watei’s,  89 
Britannia  metal,  265,  289 
Bromates,  Radicle  of,  39 
Bromic  acid,  144 
Bromide  of  ammonium,  123 


Bromides,  Radicle  of,  39 
Bromine,  140 

, Oxyacids  of,  144 

, Preparation  of,  140 

, Properties  of,  141 

, Purification  of,  141 

, Sources  of,  140 

, Tests  for,  142 

Bronze,  265,  321 
Brucia,  476 
Brucine,  476 
Burnett’s  fluid,  248 
Butter  of  antimony,  290 
Butyl  alcohol,  396,  397 

chloral,  415 

hydrate,  415 

Butyric  acid,  436 

Cadmium,  249 
Caffein,  471 
Calamine,  244 
Calc-spar,  231 
Calcium,  231 
Calcium  carbide,  391 

carbonate,  235,  506 

, Native,  231 

, Precipitated,  235 

chloride,  234 

fluoride,  149 

hydrate,  232 

hypochlorite,  136 

hypophosphite,  179 

, Natural  compounds  of,  231 

oxide,  232 

phosphate,  171,  235 

silicate,  234 

sulphate,  231 

, Native,  232 

sulphide,  236 

superphosphate,  235 

, Tests  for,  236 

Calomel,  254 
Camphor,  463 

Candle  flame.  Structure  of,  393 
Caramel,  424 
Carbamide,  374 
Carbamine,  369 
Carbazotic  acid,  457 
Carbinol,  397 
Carbohydrates,  419 
Carbolic  acid,  456 
Carbon,  151 

, Allotropic  forms  of,  151 

, Amorphous  forms  of,  152 

, Crystalline  forms  of,  151 

, estimation  in  organic  com 

pounds,  339 

, Properties  of,  153 

, Test  for,  154 
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Carbon  bisulphide,  161 

dioxide,  156 

in  air,  100 

, Amount  of,  101 

j Detection  of,  101 

, Estimation  of,  101 

, Sources  of,  100 

in  blood,  76 

, Preparation  of,  157 

, Properties  of,  158 

, removal  from  air,  76 

, Test  for,  160 

disulphide,  161 

monoxide,  154 

, Preparation  of,  154 

, Properties  of,  155 

, Tests  for,  156 

oxychloride,  160 

Carbonate  of  ammonium,  122 

of  barium,  237 

of  bismuth,  294 

of  calcium,  235 

of  iron,  299,  311 

of  lead,  274 

Carbonate  of  lithium,  229 

of  magnesium,  242 

of  potassium,  213 

of  sodium,  222 

of  zinc,  248 

Carbonates,  Radicle  of,  39 
Carbonic  acid,  159 

gas,  156 

anhydride,  156 

oxide,  154 

Carbonyl  chloride,  160 
Carboxyl  group,  382,  430 
Carburetted  hydrogen,  Heavy,  389 

, Light,  386 

Carlsbad  water,  89 
Carnallite,  211 
Cast  iron,  300 
Cast  steel,  305 
Catechol,  457 
Cathartic  acid,  479 
Caustic,  Lunar,  328 

potash,  213 

soda,  222 

Celestine,  238 
Cellulose,  422 
Cement,  IPortland,  234 

■  , Roman,  234 

Cementation  process,  304 
Chalk,  231,  235 

, French,  164 

■  , Prepared,  235 

Chalk-stones,  407 
Champagne,  403 
Charcoal,  Animal,  152 
, Wood,  152 


Cheltenham  waters,  89 
Chemical  attraction,  6 

combination.  Laws  of,  19 

, 1st  law  of,  19 

, 2nd  law  of,  20 

, 3rd  law  of,  20 

and  heat,  7 

compounds,  5 

, distinction  from  mix- 
tures, 5 

equations.  Examples  of,  49-60 

, Varieties  of,  49 

, Writing  of,  49 

problems,  487-502 

Chemistry,  Definition  of,  9 

, Inorganic,  61 

Chili  saltpetre,  220 
China  clay,  164 
Chinosol,  482 

Chloral,  411  ; 

hydrate,  413 

Chlorate  of  potassium,  13E 
Chlorates,  Radicle  of,  39 
Chloric  acid,  138 
Chloride  of  aluminium,  264 

of  ammonium,  121,  504 

of  antimony,  289 

of  arsenic,  282 

of  barium,  238 

of  calcium,  234 

of  ethyl,  405 

of  gold,  331 

of  iron,  311,  313 

of  lime,  136 

of  mercury,  254 

of  methyl,  400 

of  platinum,  331 

of  sodium,  220,  504 

of  sulphur,  203 

of  tin,  266 

of  zinc,  247 

Chlorides,  Radicle  of,  39 
Chlorinated  bodies,  135 

lime,  136 

potash,  137 

soda,  137 

Chlorine,  125 

action  on  alconol,  405 

as  a disinfectant,  129 

as  a supporter  of  combustion, 

128 

, Compounds  of  oxygen  and, 

133 

, estimation  in  organic  com- 
pounds, 350 

monoxide,  134 

, Oxyacids  of,  135 

peroxide,  134 

, Preparation  of,  125 
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Chlorine,  Properties  of,  127 

, Tests  for,  130 

tetroxide,  134 

Chloroform,  413 

, Silicon,  163 

Choke-damp,  156 
Chromates,  Radicle  of,  39 
Chrome  alum,  263,  297 

iron  ore,  296 

red,  275 

yellow,  275 

Chromic  acid,  297 

anhydride,  297 

Chromium,  296 

oxides,  297 

, Test  for,  298 

Cinnabar,  249 
Citrates,  Radicle  of,  39 
Citric  acid,  448 
Claret,  403 
Clark’s  process,  87 
Classification  of  the  elements,  204, 
206 

Clay,  164 

, China,  164 

ironstone,  299 

Coal,  153 
gas,  392 

, Composition  of,  893 

Cobalt,  318 
Codeine,  474 
Conesion,  1 
Colcothar,  309 
Collodion,  422 
Colocynthin,  480 
Combustion,  65 

, Supporter  of,  65 

Compound,  Definition  of,  9 
Compounds,  Molecules  of,  16,  25 
Concrete,  234 
Condy’s  green  fluid,  218 

red  fluid,  218 

Conine,  471 

Constitutional  formulae,  353 
Copper,  319 

aceto-arsenite,  280 

, Action  of  acids  on,  321 

alloys,  321 

arsenite,  280 

chlorides,  322,  323 

, Natural  compounds  of,  319 

nitrate,  324 

oxides,  322 

oxyacetate,  324 

, Preparation  of,  319 

, Properties  of,  320 

pyrites,  319 

sulphate,  323 

, Tests  lor,  324,  507 


Copperas,  310 
Coral,  231 

Correction  of  a gas  for  temperature 
and  pressure,  493 
Corrosive  sublimate,  254 
Cotton-wool,  422 
Cream  of  tartar,  446 
Creasote,  435 
Crith,  65 
Crocus,  309 
Croton  chloral,  415 
Ciyogenin,  482 
Cryolite,  149,  261 
Cupellation  process,  269,  326 
Cupric  oxide,  322 
Cuprous  chloride,  323 
Cuprous  oxide,  322 
Cuprum,  13 

Cyanate  of  ammonium,  373 

of  potassium,  372 

Cyanates,  Radicle  of,  39 
Cyanide  of  ethyl,  371 

of  methyl,  371 

of  potassium,  365 

Cyanides,  Alcoholic,  371 

, Radicle  of,  39 

Cyanogen,  362 

, Preparation  of,  362 

, Properties  of,  362 

, Tests  for,  363 


Dalton’s  atomic  hypothesis,  15,  21 
Deacon’s  process,  127 
Decay,  337 
Deliquescence,  85 

Depression  of  the  freezing  point, 
25,  357 

Destructive  distillation,  336,  392, 
434 

Dextrin,  421 

, Test  for,  422 

Dextrose,  426 

Diabetic  urine.  Test  for  sugar  in, 
426 

Dialysed  iron,  308 
Diamond,  151 
Diastase,  403 
Dibasic,  Meaning  of,  40 
Diffusion  experiment,  99 

of  gases,  67 

, Graham’s  law  of,  68 

Digitalin,  480 
Di-methyl  ketone,  400 
Di-nitrocellulose,  422 
Di-saccharoses,  419 
Distillation,  Destructive  or  dry, 
336,  392,  434 
, Fractional,  402 
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Dolomite,  240 
Donovan’s  solution,  288 
Drinking  waters,  Sources  of,  85 
Dry  distillation,  336,  392,  434 
Dulong  and  Petit’s  Law,  19 
Dumas’  composition  of  water,  83 

estimation  of  nitrogen,  348 

Dutch  liquid,  390 

metal,  321 

Dyad  elements,  29 
Dynamite,  418 

Earthenware,  165 

, Glaze  of,  165 

Effervescing  medicine,  227 
Efflorescence,  85 
Electrolysis  of  water,  71 
Elektrons,  15 
Element,  Definition  of,  9 
Elements,  Classification  of,  204,  206 

, Gaseous,  11 

, Liquid,  11 

, List  of,  10 

, Molecules  of,  25 

, Solid,  11,  12 

, Symbols  of,  10,  12-14 

Emerald  green,  280 
Eme^  powder,  261 
Empirical  formulae,  352 
Ems  water,  89 
Emulsin,  458 
Endothermic  bodies,  7,  8 
Epsom  salts,  241 

, distinction  from  oxalic 

acid,  242 

, from  zinc  sulphate, 

242 

water,  89 

Equations,  Classification  of,  49 

, Examples  of,  49-60 

, Varieties  of,  50 

, Verification,  55 

, Writing  of,  56 

Equivalent  weight,  26,  27 
Esters,  381 

Estimations,  Typical,  533 
Etching  on  glass,  150 
Ethane,  388 
Ethene,  389 

, Glycol,  416 

Ether,  406 

, Acetic,  409 

, Nitrous,  409 

Ethereal  salts,  381 
Etherification  process,  407 
Ethers,  381 
Ethiop’s  mineral,  258 
Ethyl  acetate,  409 
alcohol.  401 


Ethyl  chloride,  405 

cyanide,  371 

ether,  406 

hydrosulphide,  410 

iodide,  406 

mercaptan,  410 

nitrite,  409 

Ethylene,  389 

Eudiometric  analysis  of  air,  96 
Exothermic  bodies,  7 

Tats,  438 
Fatty  acids,  430 

, General  reactions  of,  431 

Fehling’s  solution,  427 

test,  427 

Felspar,  165,  261 
Ferment,  Nitrifying,  114 
Fermentation,  337 

, Lactic  acid,  441 

Ferments,  337 
Ferric  acetate,  314 

chloride,  313 

hydrate,  30S 

nitrate,  314 

oxide,  309 

salts,  Tests  for,  317 

sulphate,  314 

Ferricyanide  of  potassium,  370 
Ferricyanides,  39 
Ferrocyanide  of  potassium,  363 
Ferrocyanides,  Radicle  of,  39 
Ferrous  arseniate,  313 

carbonate,  299,  311 

chloride,  311 

iodide,  312 

oxides,  307,  309 

phosphate,  312 

salts.  Tests  for,  316 

sulphate,  310,  508 

sulphide,  312 

Ferrum,  13 
Fire-damp,  3S6 
Flame,  Structure  of,  393 
Flint,  163 

Fluor  spar,  150,  232 
Fluoric  acid,  150 
Fluorides,  Radicle  of,  39 
Fluorine,  149 
Formaldehyde,  400 
Formates,  Radicle  of,  39 
Formic  acid,  432 
Formin,  482 

Formula,  Definition  of,  42 
Formulae,  42-45 

, Calculation  of,  351 

, Constitutional,  353 

, Construction  of,  43 

, Empirical,  352 
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Formula2,  Jlolecular,  352 

, Rational,  353 

Fowler’s  solution,  280 
Fractional  distillation,  402 
French  chalk,  164 
Fur  in  boilers,  86 
Fusel  oil,  415 


Galena,  268 
Gallic  acid,  462 
Galvanised  iron,  246 
Gas  flame.  Structure  of,  393 
Gaseous  elements,  11 
Gases,  1,  2 

, Diffusion  of,  67 

, Molecular  weights  of,  24 

, Specific  gravities  of,  24 

Gasolene,  386 
Gay  Lussac’s  laws,  22,  493 
German  silver,  246,  321 
Gin,  403 

Glacial  acetic  acid,  435 

phosphoric  acid,  178 

Glass,  164 

, Bottle,  164 

, Coloured,  165 

, Crown,  164 

, Crystal,  165 

, Etching  on,  150 

, Flint,  165 

, Hard,  164 

, Potash,  164 

, Soda,  164 

, Soluble,  165 

, Window,  164 

Glauber’s  salts,  225 
Glaze,  165 
Glucose,  426 

, Constitution  of,  426,  428 

, Properties  of,  426 

, Test  for,  426 

Glucosides,  479 
Glycerine,  417 
Glyceryl  oleate,  439 

palmitate,  439 

stearate,  439 

Glycine,  467 
Glycocholic  acid,  468 
Glycocine,  467 
Glycocoll,  467 
Glycogen,  421 
Glycol,  416 
Gold,  330 

, Alloys  of,  330 

chloride,  331 

Goulard  water,  273 
Graham’s  law,  68 
Grape  sugar,  426 


Graphite,  152 
Green  copperas,  310 

vitriol,  310 

Grey  antimony,  288 
Guaiacol,  482 
Gun-cotton,  422 
Gun-metaJ,  265,  321 
Gypsum,  231 


Haematite,  299 
Halogen  elements,  125 
Haloid  ethers,  382 
Hard  water,  86 

Hardness  of  water.  Permanent,  87 

, Temporary,  86 

Hari'ogate  water,  89 

Hartshorn,  Spirit  of,  118 

Heat  from  chemical  combination,  7 

from  combustion,  7,  8 

, Latent,  4 

Heavy  si>ar,  237 . 

Helium,  207 
Heroin,  482 
Hexad  elements,  29 
Hippuric  acid,  460,  468 
Hock,  403 

Hofmann,  composition  ol  \vater,  S3 
Homologous  series,  380 
Hydrargyrum,  13 1 
Hydrates,  Preparation  of,  209 
Hydrazine,  124 

hydrate,  124 

Hydriodic  acid,  147 

, Preparation  of,  147 

, Tests  for,  148 

Hydrobromic  acid,  142 

, Preparation  of,  142 

, Tests  for,  143 

Hydrocarbons,  379,  385 
Hydrochloric  acid,  130 

, Preparation  of,  130 

, Properties  of,  132 

, Tests  for,  132 

Hydrocyanic  acid,  366 

, Antidote  for,  368 

, Preparation  of,  3C6 

, Properties  of,  367 

, Test  for,  369 

Hydrofluoric  acid,  149 
Hydrogen,  61 

, estimation  in  organic  com- 
pounds, 339 

, Occurrence  in  nature  of,  61 

■ , Preparation  of,  61,  62,  63 

, Properties  of,  64 

, Test  for,  68 

bromide,  142 

chloride,  130 
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Hydrogen  dioxide,  90 

, Preparation  of,  90 

, Properties  of,  91 

, Test  for,  92 

fluoride,  149 

iodide,  147 

peroxide,  90 

persulphide,  201 

Hydroquinone,  457 
Hydroxides,  Preparation  of,  209 
Hydroxybenzoic  acid,  461 
Hydroxylainine,  123 
Hypnone,  4S2 
llypobromous  acid,  144 
Hypochlorites,  Radicle  of,  39 
llypochlorons  acid,  135 

anhydride,  134 

Hypophosphites,  179 
Hypophosphorous  acid,  179 
Hyposulphite  of  soda,  201 


Iceland  spar,  231 
Ichthofonn,  4S3 
Ichthyol,  483 
Impurities  of  the  air,  102 
Indican,  480 
Infusorial  earth,  163 
Inorganic  chemistry,  61 
lodates.  Radicle  of,  39 
Iodic  acid,  148 
Iodide  of  arsenic,  283 

of  ethyl,  406 

of  iron,  312 

of  lead,  275 

of  mercury,  255,  256 

of  methyl,  400 

of  nitrogen,  148 

of  potassium,  216 

Iodides,  Radicle  of,  39 
Iodine,  144 

, Chlorides  of,  148 

in  sea- weeds,  145 

, Occurrence  in  nature  of,  145 

, Preparation  of,  145 

, Properties  of,  146 

, Purification  of,  146 

, Tests  for,  147 

Iodoform,  415 
lodol,  483 
Iron,  299 

acetate,  314 

, Action  of  acids  on,  307 

alum,  263 

and  ammonium  citrate,  308 

and  quinine  citrate,  309 

arseniate,  313 

, Atomicity  or  quantivalence 

of,  35 


Iron  carbonate,  299,  311 

, Cast,  300 

, Chlorides  of,  311,  313 

, Dialysed,  308 

, Galvanised,  246 

hydrate,  308 

iodide,  312 

, Magnetic  oxide  of,  309 

, Natural  compounds  of,  29£ 

nitrate,  314 

ore.  Magnetic,  299 

, Spathic,  299 

, Oxides  of,  307,  309 

peracetate,  314 

perchloridc,  313 

pernitrate,  314 

persulphate,  314 

phosphate,  312 

, Pig,  303 

, Preparation  of,  300 

, Properties  of,  300,  305 

protosulphate,  310 

pyrites,  300 

, Red  oxide  of,  309 

, Reduced,  306 

, Scale  compounds  of,  308 

, Sulphates  of,  310,  314 

, Sulphides  of,  312 

, Tartarated,  309 

, Tests  for,  316 

, Wrought,  300,  303,  305 

Ironstone  Clay,  299 
Isomeric  bodies,  360 
Isonitrile,  369 
Ivory-black,  152 


Jalapin,  480 
Jasper,  163 


Kalium,  13 
Kaolin^  164 

Kekule’s  formula  for  benzene,  452 
Kelp,  145 

Kermes,  Mineral,  291 
Kerosene,  386 
Ketones,  383,  400 

Kjeldah.1  estimation  of  nitrosren, 
348 

Kryogenin,  482 
Krypton,  207 


Lactic  acid,  441 

fermentation,  441 

Lactose,  425 
La?. villose,  427 
Lampblack,  153 
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Latent  heat,  4 
Laughing  gas,  104 
Law  of  volumes  of  gases,  22 
Laws  of  chemical  combination,  19, 
20 

Lead,  268 

acetate,  273,  508 

, Action  of  acids  on,  271 

, Action  of  water  on,  270 

carbonate,  274 

chromate,  275 

dioxide,  272 

in  drinking-waters,  270 

iodide,  275,  505 

, Natural  compounds  of,  268 

nitrate,  273,  507 

oxide,  271 

, Oxides  of,  271 

oxyacetate,  273 

peroxide,  272 

, Preparation  of,  268 

, Properties  of,  270 

, Puce-coloured  oxide  of,  272 

, Red  oxide  of,  272 

, Sugar  of,  273 

, Tests  for,  275 

, White,  274 

Leamington  water,  89 
Leblanc  process,  222 
Lepidolite,  229 
Leucine,  469 
Lignin,  422 
Lime,  232 

, Carbonate  of,  235 

Precipitated  carbonate  of,  235 

, Slaked,  232 

Lime-kiln,  232 
Limelight,  66 
Limestone,  231 
Lime-water,  233 

, Saccharatcd,  233 

Liquid  elements,  11 
Liquids,  1,  2 

, Porosity  of,  3 

Litharge,  271 
Lithia  water,  230 
Lithic  acid,  466 
Lithium,  229 

bicarbonate,  230 

carbonate,  229 

citrate,  230 

Natural  compounds  of,  229 

, Tests  for,  230 

Litre,  503 
Loadstone,  299 

Lucifer  matches.  Phosphorus  in,  173 

Magnesia,  241 
, Heavy,  241 


Magnesia,  Light,  241 
Magnesite,  240 
Magnesium,  240 

bicarbonate,  242 

carbonate,  242 

citrate,  243 

group  of  metals,  260 

metal,  241 

, Natural  compounds  of,  240 

oxide,  241 

sulphate,  241,  507 

, Test  for,  243 

Magnetic  iron  ore,  299 
Magpie  test  for  mercury,  267 
Malachite,  319 
Malic  acid,  445 
Maltose,  403,  425 
Malvern  water,  89 
Manganese,  298 

, Black  oxide  of,  298 

chloride,  298 

sulphate,  298 

, Tests  for,  299 

Mannite,  419 

Marble,  231 

Margaric  acid,  438 

Margarin,  439 

Marsh  gas,  386 

Marsh’s  test,  285 

Massicot,  271 

Matches,  Safety,  173 

Matlock  water,  89 

Matter,  Cliange  of  form  of,  3 

, Forms  of,  1 

Measures,  503 
Meconic  acid,  473 
Meerschaum,  164,  240 
Melting  point  determination.  360 
MendeljeefTs  periodic  law,  205 
Mercaptan,  410 
Mercuric  chloride,  254 

cyanide,  257 

iodide,  255 

nitrate,  256 

oleate,  258 

oxide,  69,  251 

salts.  Tests  foi’,  258 

sulphate,  253 

sulphide,  258 

Mercurous  chloride,  254 

iodide,  256 

nitrate,  257 

oxide,  252 

salts.  Tests  for,  260 

sulphate,  253 

Mercury,  249 

, Action  of  acids  on,  250 

, Ammoniated,  257 

bichloride,  254 
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iM  ercury  biniodide,  255 

, Black  oxide  of,  252 

, Chlorides  of,  254 

cyanide,  257 

, Green  iodide  of,  256 

, Iodides  of,  255,  256 

, Natural  compounds  of,  249 

, Nitrates  of,  256,  257 

, Oleate  of,  258 

, Oxides  of,  251,  252,  505 

perchloride,  254 

, Preparation  of,  249 

, Properties  of,  250 

, Red  iodide  of,  255 

, Red  oxide  of,  251 

subcliloride,  254 

, Sulphates  of,  253 

sulphide,  258 

, Tests  for,  258,  260 

, Yellow  oxide  of,  251 

Mesotan,  483 
Metaboracic  acid,  168 
Metaboric  acid,  168 
Metals,  Classification  of,  205 

, List  of,  10 

, Noble,  332 

, Occurrence  of,  208 

of  the  alkalies,  211-220 

of  the  alkaline  earths,  231, 

237,  238,  240 

, Preparation  of,  208,  209 

, Properties  of,  11.  207 

Metaphosphoric  acid,  177 
Methane,  386 
Methyl  alcohol,  398 

chloride,  400 

cyanide,  371 

ether,  400 

iodide,  400 

■ oxide,  400 

Methylated  spirit,  399 
Methylbenzene,  455 
Methylsulphuric  acid,  400 
Meyer’s,  V,,  apparatus  for  vapour- 
density,  355,  356 
Mica,  261 

Microcosmic  salt,  225 
Milk  of  sulphur,  187 
Mineial  l ouge,  309 

waters,  88 

, Alkaline,  89 

, Aperient  saline,  8S 

, Calcareous,  89 

, Chalybeate,  89 

• , Sulphuretted,  89 

^linium,  272 
Mirbaue,  Essence  of,  455 
Mixtures,  5 

, distinction  from  compounds,  5 


Molasses,  423 

Molecular  formulae,  24,  352 
weight,  25 

, Calculation  of,  24,  26 

Molecules,  1§,  23,  25 

of  compounds,  16,  25 

of  elements,  15,  25 

of  metals,  208 

Monad  elements,  29 
Monobasic,  Meaning  of,  40 
Morphia,  470 
Morphine,  472 

acetate,  472 

hydrochloiate,'473 

, Tests  for,  473 

ISIortar,  233 

Multiple  proportions,  Combination 
in,  20,  21 
Muntz  metal,  321 
Murexid  test,  467 
Muriatic  acid,  130 
Muscarin,  471 
Myronic  acid,  480 


Naphtha  Wood,  399 
Naphthalene,  483 
Naphthol,  484 
Natrium,  13 
Neon,  207 

Nessler’s  solution,  256 

tpcf  190  9’i(i 

Newland’s  law  of  Octaves,  206 
Nickel,  318 

plating,  318 

silver,  321 

Nicotine,  477 

Nitrate  of  ammonium,  105,  122 

of  barium,  238 

of  bismuth,  293 

of  copper,  324 

of  iron,  314 

of  lead,  273 

of  mercury,  256,  257 

of  potassium,  114,  215 

of  silver,  328 

of  sodium,  146,  220 

Nitrates,  114 

in  drinking  waters,  115 

, Natural  production  of,  114 

, Radicle  of,  39 

Nitre,  114,  211,  215 

, Cubic,  220 

Nitric  acid,  112 

, Action  on  metals  of,  59, 

60,  113 

, Fuming,  113 

, Preparation  of,  112 

, Properties  of,  113 
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Nitric  acid,  Tests  for,  113 

, Yellow,  113 

Nitric  anhydride,  111 

peroxide,  110 

Nitrifying  ferment,  114 
Nitrites,  Radicle  of,  39 
Nitrobenzene,  455 
Nitrobenzol,  455 
Nitrogen,  93 

, estimation  in  organic  com- 
pounds, 345,  346,  348 

group  of  elements,  183 

of  the  ail',  95 

, Preparation  of,  93,  94 

, Properties  of,  95 

■ , Test  for,  95 

dioxide,  106 

, Preparation  of,  106 

, Properties  of,  107 

- — , Test  for,  108 

iodide,  148 

monoxide,  104 

, Preparation  of,  104 

, Properties  of,  105 

, Test  for,  106 

, Oxides  of,  104 

pentoxide.  111 

, Preparation  of.  Ill 

, Properties  of,  112 

tetroxide,  110 

, Preparation  of,  110 

, Properties  of,  110 

trioxide,  108 

, Preparation  of,  108 

, Properties  of,  109 

Nitroglycerine,  418 
Nitro-hydrochloric  acid,  133 
Nitrous  acid,  109 

anhydride,  108 

ether,  409 

oxide,  104 

Non-metals,  List  of,  10 
Nordhausen  sulphuric  acid,  197 


Oil  of  bitter  almonds,  367,  458 

, ArtiHcial,  455 

of  vitriol,  196 

of  winter  green,  399 

Oils,  439 
Olefiant  gas,  389 
Olefine  series,  389 
Olefines,  389 
Oleic  acid,  438 
Olein,  439 
Oolite,  231 
Opal,  163 

Opium,  Detection  of,  473 
Organic  acids,  382,  430 


Organic  bodies,  333 

compounds,  Classification  of, 

379 

, Definition  of,  333 

, Estimation  of  carbon 

and  hydrogen  in,  339 

, Estimation  of  chlorine 

in,  350 


— of  nitrogen  in,  345 

, of  sulphur  in,  350 

radicles,  334 

Organised  bodies,  335 
Orpiment,  277 

Ortho,  ineta,  and  para  compounds, 
453,  457 

Orthophosphoric  acid,  175 
Osazone,  429 

Oxalate  of  ammonium,  123 
Oxalates,  Radicle  of,  39 
Oxalic  acid,  443 

, Tests  for,  415 

Oxatyl  radicle,  382,  430 
Oxide  of  aluminium,  262 

of  antimony,  289 

of  barium,  237 

of  bismuth,  293 

of  calciu  'i,  232 

of  chronijum,  297 

of  copper,  322 

of  iron,  307,  309 

of  lead,  271 

of  magnesium,  241 

of  manganese,  298 

of  mercury,  251,  252 

of  silver,  328 

of  tin,  266 

of  zinc,  247 

Oxides,  Acid,  76 
, Basic,  76 


-,  Neutral,  76 

- of  chlorine,  133 

- of  nitrogen,  104 
-,  Preparation  of. 
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Oxygen,  69 

and  respiration,  75 

, Discovery  of,  69 

in  the  blood,  75 

, Occurrence  in  nature  of,  69 

of  the  air,  97 

, preparation  by  baryta  pro- 
cess, 73 

, by  chlorine  process,  73 

, by  electricity,  72 

, from  air,  73  / 

, from  water,  72,  73 

, of,  69-73 

, Properties  of,  74 

— — , solubility  in  water,  74 
. Test  for,  75 
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Oxygenated  water,  90 
Ozone,  76 

, Constitution  of,  SO 

in  the  air,  76, 102 

, Detection  of,  78 

, Preparation  of,  77 

, Properties  of,  78 

, Tests  for. 

Palmitic  acid,  437 
PalmlJin,  439 
Paraffin  series,  385 
Paraffins,  37ft,  385 

, Occnrreiiee  in  nature  of,  385 

Paraldehyde,  411 
Parchment  paper,  423 
Parkes’  process,  270 
Pattinson’s  process,  269 
Pearl  ash,  211 

white,  294 

Peat,  153 

Pentad  elements,  29 
Perchloric  acid,  139 
Periodic  law,  206 
Perissads,  35 

Permanent  hardness  of  water,  87 
Peroxide  of  hydrogen,  90 
Persulphide  of  hydrogen,  201 
Petalite,  229 
Petroleum,  385 

ether,  3S6 

light,  386 

Pewter,  205 
Phenacetine,  484 
Phenazone,  481 
Phenic  acid,  456 
Phenol,  456 
Phenylacetamiile,  481 
Phenylamine,  465 
Phosgene  gas,  160 
Phosphate  of  calcium,  235 

of  iron,  312 

of  sodium,  225 

and  ammonium,  225 

Phosphates,  Radicle  of,  39 
Phosphine,  180 
Phosphoretted  hydrogen,  180 

, Gaseous,  ISO 

, Liquid,  181 

Phosphoric  acid,  175 

, Glacial,  178 

, Preparation  of,  175 

",  Tests  for,  176 

anhydride,  175 

chloride,  182 

Phosphorite,  170 
Phosphorous  acid,  178 

anhydride,  174 

• — chloride,  181 


Phosphorus,  170 

, Allotropic  forms  of,  171 

, Amorphous,  173 

, Di-iodide,  183 

in  animal  tissues,  170 

in  plants,  170 

, Ordinary,  171 

, Oxides  of,  174 

, Pentabromide  of,  183 

, Pentachloride  of,  182 

, Pentoxide  of,  175 

, Properties  of,  172,  173,  174 

, Red,  173 

, Tribromide  of,  183 

, Trichloride  of,  181 

, Tri-iodide  of,  183 

, Use  in  lucifer  matches  of,  173 

, Yellow,  171 

Picric  acid,  457 
Pig  iron,  303 
Plaster  of  Paris,  231 
Platinum,  331 

chloride,  331 

, Spongy,  331 

Plumbago,  152 
Plumbum,  13 
Polymeric  bodies,  361 
Polysaccharoses,  419 
Porcelain,  165 

, Glaze  of,  165 

Porosity  of  liquids,  3 

of  solids,  2,  3 

Port,  403 

Portland  cement,  234 
Potash,  Bichromate  of,  296 

, Caustic,  213 

, Chlorate  of,  138  j . 

felspar,  211 

, Red  chromate  of,  296 

, Red  manganate  of,  218 

, Red  prussiate  of,  371 

, Sulphurated,  219 

, Yellow  chromate  of,  296 

, Yellow  prussiate  of,  363 

Potassium,  211 

acetate,  214 

acid  tartrate,  212,  508 

bicarbonate,  213 

bromide,  217 

carbonate,  213 

chlorate,  138 

chloride,  216 

chromate,  296 

citrate,  214 

cyanate,  372 

cyanide,  365 

dichromate,  29(! 

ferricyanide,  370 

ferrocyaiiide,  363 
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Potassium  hydrate,  213 

in  plants,  211 

iodide,  216 

nianganate,  217 

, Natural  compounds  of,  211 

nitrate,  114,  215,  506 

nitrite,  216 

permanganate,  218 

as  a disinfectant,  218 

, Preparation  of  metal,  212 

, Properties  of,  212 

sulphate,  215 

sulphocyanate,  371 

sulphocyanide,  371 

tartrate,  214 

, Tests  for,  219 

Potato-oil,  416 

Precipitated  carbonate  of  lime,  235 

sulphur,  186 

Prefixes,  Use  of,  46 
Preparation  of  typical  salts,  etc., 
504 

Problems,  Chemical,  487-502 
Proof  spirit,  403 
Propyl  alcohol,  397 
Protargol,  484 
Pi’ussian  blue,  364 
Prussic  acid,  366 
Ptomaines,  477 
Puddling  process,  303 
Puinice  stone,  164 
Putrefaction,  338 
Putty  powder,  266 
Pyridine,  470 
Pyrites,  Iron,  300 
Pyrocatechin,  457 
Pyrogallic  acid,  458 
Pyroligneous  acid,  435 
Pyrolusite,  298 
Pyrophosphoric  acid,  177 
Pyroxylin,  422 

Quadrivalent  elements,  29 
Quantivalence,  28 

, Change  of,  32 

, Graphic  representation  of,  31 

Quantivalences  of  elements.  List 
of,  29 

Quartz,  163 
Quicksilver,  250 
Quinia,  474 
Quinine,  474 

sulphate,  475 

, Tests  for,  475 

Quinolin,  470 

Quinquivalent  elements,  29 

Racemic  Acid,  447 
Radicle,  Definition  of,  35 


Radicles,  35  , 

, Acidulous,  35 

, Graphic  Representation 

of,  37 

, Bivalent,  39 

, Compound,  36 

, Lists  of,  39 

, Organic,  334 

, Quadrivalent,  39 

, Trivalent,  39 

, Univalent,  39 

Radium,  207 

Rain-water,  86 

Rational  formula,  S53 

Rat-pastes,  Composition  of,  172 

Realgar,  277 

Rectified  spirit,  403 

Red  lead,  272 

precipitate,  251 

prussiate  of  potash,  371 

Reinsch’s  test,  284 
Resorcin,  457 
Respiration,  75  j 
River  water,  88 
Rochelle  salt,  227 
Rock  crystal,  163 
Rock  salt,  125,  220 
Roman  cement,  234 
Ruby,  261 
Rust,  306 

Saccharated  lime-water,  233 
Saccharine,  484 
Saccharose,  423 
Safety  matches,  173 
Sal-ammoniac,  121 
Salicin,  480 
Salicylic  acid,  461 
Salol,  484 
Salt,  220 
, Acid,  41 

, Analysis  of  a Simple,  509 

, Basic,  41 

cake,  223 

, Common,  220 

of  Sorrel,  444 

, Rock,  220 

Saltpetre,  215 

, Chili,  220 

Salts,  Definition  of,  41 

, Ethereal,  381 

, Preparation  of  typical,  209, 

504 

, Solubility  of,  210 

Sand, 163 
Sandstone,  163 
Santonin,  481 
Saponification,  439,  440 
Sapphire,  261 
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Sarcolactic  acid,  441 
Sarcosine,  468 
Scarborough  waters,  Sf) 

Scheele’s  green,  2S0,  324 
Sea-salt,  125 

Sea-water,  Hardness  of,  87 
Seidlitz-powder,  227 
Selenite,  231 
Seltzer  water,  89 
Sexivalent  elements,  29 
Sherry,  403 
Shot,  271 

Siemens-Martin  process,  305 
Silica,  163 

Silicates,  Natural,  164 

, Radicle  of,  39 

Silicic  acid  163 

anhydride,  163 

Silicon,  162 

chloroform,  163 

, Oxide  of,  162 

Silver,  326 

, Action  of  acids  on,  327 

bromide,  328 

chloride,  328 

coinage,  327 

, Extraction  of,  326 

, German,  246 

iodide,  328 

nitrate,  328 

, Occurrence  in  nature  of,  326 

oxide,  328 

, Properties  of,  326 

salts  in  photography,  329 

, Tests  for,  329 

Soap,  439 

, Common,  439 

, Curd,  439 

, Hard,  440 

, Soft,  440 

Soda,  Caustic,  222 

, Hyposulphite  of,  201  • 

, Washing,  222 

Sodium,  220 
acetate,  227 

action  on  methyl  alcohol,  401 

arseniate,  226 

bicarbonate,  224 

biurate,  466 

bromide,  226 

carbonate,  222 

citro-tartrate,  228 

hydrate,  222 

hypobromite,  144 

hypophosphite,  179,  226 

iodide,  226 

, Natural  compounds,  of,  220 

oxide,  222 

peroxide,  222 


Sodium  phosphate,  225 

potassium  tartrate,  227 

, Preparation  of  metal,  221 

, Properties  of,  221 

sulphate,i225,  507 

, Test  for,  228 

thiosulphate,  201 

urate,  466 

Soft  water,  86 
Solder,  265,  271 
Solid  elements,  11,  12 
Solids,  1,  2 

, Porosity  of,  2,  3 

Solubility,  89,  210 
Soluble  glass,  165 
Solvay’s  process,  224 
Soot,  153 

Sori'el,  Salt  of,  444 
Spa  water,  89 

Specific  gravities  of  gases,  24,  25 
Specific  heat  and  atomic  weigh",  17 
Speculum  metal,  321 
Spirit,  Methylated,  399 

of  hartshorn,  118 

of  salts,  130 

Spirit,  Proof,  403 

, Rectified,  403 

Stalactites,  231 
Stannic  chloride,  266 

oxide,  266 

Stannous  chloride,  266 
Stannum,  13 
Starch,  420 

, Properties  of,  420 

, Test  for,  421 

Stassfurt  salts,  140 
Stearic  acid,  438 
Stearin,  439 
Steel,  300,  306 

, Manufacture  of,  303 

Stereo-isomerism,  449 
Stibium,  13 
Strontium,  238 
Strychnia,  475 

, Test  for,  476 

Strychnine, 475 
Succinic  acid,  445 
Sucrose,  423 
Sugar,  423 

, Brown,  423 

, Burnt,  424 

, Cane,  423 

, , Test  for,  424 

, Milk,  425 

, , Test  for,  425 

Sugar  of  lead,  273 
Sugars,  419 

, action  on  polarised  light,  428 

, Constitution  of,  428 
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Sulphate  of  aluminium,  263 

of  calcium,  231 

of  chromium,  297 

of  copper,  323 

of  iron,  310,  314 

of  magnesium,  241 

of  manganese,  298 

of  mercury,  253 

of  potassium,  215 

of  quinine,  475 

of  sodium,  225 

of  zinc,  247 

Sulphates,  Eadicle  of,  39 
Sulphide  of  ammonium,  123 

of  antimony,  28S,  291 

of  arsenic,  '277,  283 

of  calcium,  236 

of  iron,  312 

of  mercury,  258 

Sulphides,  Preparation  of,  209 
Sulphites,  Radicle  of,  39 
Sulphocarbolic  acid,  457 
Sulphocyanate  of  potassium,  371 
Sulphocyanide  of  potassium,  371 
Sul  phonal,  485 
Sulphovinic  acid,  410 
Sulphur,  185 

, Allotropic  forms  of,  186 

, Amorphous,  186 

, Chlorides  of,  203 

compounds  in  air,  102 

dioxide,  188 

, estimation  in  organic  com- 
pounds, 350 

■ , Flowers  of,  185 

, Occurrence  in  nature  of,  185 

, Octohedral  variety  of,  186 

, Oxides  of,  188 

, Plastic,  186 

, Precipitated,  186 

, Prismatic  variety  of,  186 

, Properties  of,  187 

, Roll,  185 

, Stick,  185 

, Test  for,  187 

trioxide,  190 

Sulphurated  antimony,  291 

potash,  219 

Sulphuretted  hydrogen,  197 

, Preparation  of,  198 

, Properties  of,  199 

, Test  for,  201 

Sulphuric  acid,  192 

, action  on  metals,  58,  59 

, action  on  starch,  421 

, action  on  sugar,  426 

, Fuming,  197 

, Impurities  in,  196 

, leaden  chamber,  193 


Sulphuric  acid,  Nordhausen,  197 

, Preparation  of,  192 

, Properties  of,  196 

, Purification  of,  197 

, Test  for,  197 

anhydride,  190 

ether,  406 

Sulphurous  acid,  191 

, Properties  of,  191 

, Test  for,  192 

anhydride,  188 

Symbols,  10,  13 
Synthesis,  9 

Tables,  Analytical,  510—529 

Talc,  240 

Tannic  acid,  462 

Tannin,  462 

Tar  liquor,  118,  392 

Tartar  emetic,  290,  509 

Tartarated  antimony,  290 

Tartaric  acid,  446 

Tartrates,  Radicle  of,  39 

Temporary  hardness  of  water,  86 

Terminations,  Uses  of,  46 

Terpenes,  463 

Tetrad  elements,  29 

Theine,  471 

Theobromine,  471 

Thiosulphate  of  sodium,  201 

Thiosulphuric  acid,  201 

Tin,  265 

, Chlorides  of,  266 

, group  of  metals,  276 

ore,  265 

oxide,  266 

, Tests  for,  267 

Tincal,  168 
Tinder,  153 
Toluene,  455 
Toluol,  455 
Triad  elements,  29 
Tribasic,  Meaning  of,  40 
Trichloracetic  acid,  435 
Trichloraldehyde,  411 
Trimethylamine,  464 
Trinitrocellulose,  422 
Trinitrophenol,  457 
Trivalent  elements,  29 
Troinmer’s  test,  426 
Tunbridge  water,  89 
Turnbull’s  blue,  316 
Turpentine,  Oil  of,  463 
Turpeth  mineral,  253 
Turps,  463 
Type  metal,  271,  288 
Tyrosine,  46C 

Ultimate  analysis,  339 
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Univalent  elements,  29 
Urate  of  sodium,  406 
Urea,  374 

, Estimation  of,  376 

, Preparation  of,  374 

, Properties  of,  375 

Urethane,  485 
Uric  acid,  466 

, Test  for,  467 

Urosin,  485 
Urotropine,  485 

Valency,  28-35,  39 

, Anomalous,  35 

Valerianic  acid,  416 
Valeric  acid,  430 
Vapovu’-density,  355 

Dumas,  355 

Victor  Meyer,  356 

Vaseline,  386 
Venetian  red,  309 
Verdigris,  324 
Vermilion,  258 
Veronal,  486 
Vichy  water,  89 
Vinegar,  434 
Vitriol,  Blue,  323 

, Green,  310 

, Oil  of,  196 

, White,  247 

Volcanic  ammonia  salts,  121 
Volumetric  Analysis,  530-538 

Washing  soda,  222 
Water,  81 

, Action  of  metals  on,  63,  270 

, Aix-la-Chapelle,  89 

, Apollinaris,  89 

, Bath,  89 

, Bristol,  89 

, Carlsbad,  89 

, Cheltenham,  89 

, Composition  of,  81-84 

, Decomposition  of,  by  elec- 
tricity, 72 

, Electrolysis  of,  71 

, Ems,  89 

, Epsom,  89 

Gas,  392 

, Hard,  86 

, Hardness  of,  86 

, Permanent,  87 

, Temporary,  86 

^ , Harrogate,  89 

, Leamington,  89 

, Malvern,  89 

, Matlock,  89 

, Oxygenated,  90 

, Preparation  of  hydrogen  from, 

63,  72 


Water,  Properties  of,  84,  89 

, Bain,  86 

, River,  88 

, Scarborough,  89 

, Sea,  Hardness  of,  87 

, Seltzer,  89 

, Soft,  86 

, Solvent  powers  of,  on  gases, 

90  ; on  solids,  89,  210 ; oulead,  270 

, Spa,  89 

, Synthesis  of,  82 

, Tunbridge,  89 

, Vichy,  89 

Waters,  Alkaline,  89 

, Aperient,  89 

, Calcareous,  89 

, Chalybeate,  89 

, Drinking-,  Nitrates  in,  115 

, , Sources  of,  85 

, Mineral,  88 

, , Composition  of,  89 

, Spring-,  Sources  of,  85 

, Sulphuretted,  89 

Weight  of  elements.  Relative,  16 
Weights,  503 

, Atomic,  13,  16,  205 

Welsbach  burner,  264,  395 
Whisky,  403 
White  arsenic,  278 

lead,  274 

precipitate,  257 

vitriol,  247 

Whiting,  235 

Will  and  Varrentrapp’s  estimation 
of  nitrogen,  346 
Witherite,  237 
Wood  ash,  211 

charcoal,  152 

, Destructive  distillation  of,  434 

naphtha,  399 

spirit,  399 

Wood’s  metal,  293 
Wrought  iron,  300,  303,  305 

Yeast,  337,  402 

Yellow  prussiate  of  potash,  363 


Zinc,  244 

acetate,  248 

carbonate,  248 

chloride,  247 

, Granulated,  245 

, Natural  compounds  of.  244 

, oxide,  247 

, Preparation  of,  244 

, Properties  of,  246 

sulphate,  247,  607  a'v 

, Tests  for,  248 

valerianate,  248 
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The  literature  dealing  with  modern  methods  of 
treatment  is  already  considerable,  but  it  is  scattered 
through  a number  of  periodicals,  British  and  foreign, 
and  it  is  thus  to  a large  extent  inaccessible  to  the 
general  body  of  the  medical  profession.  This  Series 
will  consist  of  monographs,  in  which  all  the  available 
evidence  will  be  critically  reviewed  by  writers  whose 
practical  experience  enables  them  to  form  a judicial 
estimate  of  the  value  of  the  methods  described. 
Among  the  works  in  preparation  are  volumes  de- 
voted to  treatment  by  serum  of  various  kinds,  by 
animal  extracts,  by  light  and  X-rays,  by  hot  air, 
and  the  open-air  treatment  of  consumption.  The 
first  volum'e  is 

Serums,  Vaccines,  and  Toxines  in 

Treatment  and  Diagnosis.  By  wm.  Cecil 

Bosanquet,  M.A.,  M.D.  Oxon.,  F R.C.P.  Lend.,  Physician  to 
Out-Patients,  Victoria  Hospital  for  Children,  London.  Od. 

The  Open=Air  Treatment  of  Pul= 

monary  Tuberculosis.  By  f.  w.  Burton-Fanning, 

M.D.  Cantab.,  Physician  to  the  Norfolk  and  Norwich  Hospital  ; 
Honorary  Visiting  Phj  sician  to  the  Kelling  Oper.-Air  Sanaicrium.  Ss. 

Organotherapy;  or.  Treatment  by 

Means  of  Preparations  of  Various  Organs. 

By  T.  H.  Batty  Sbaw,  M.D.  (Lond.),  F.R.C.P.,  Lecturer  in 
Therapeutics,  University  College,  London,  and  Assistant  Physician  to 
University  College  Hospital,  and  the  Hospital  for  Consumption  and 
Diseases  of  the  Chest,  Brompton.  Gs. 
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A Manual  of  Operative  Surgery. 

By  Sir  Frederick  Treves,  Bart.  G.C.V.O.,  C.B.,  F.R.C.S.,  LL.D. 
Revised  by  the  Author  and  Jonathan  HutChinsOn,  Jun.,  F.R.C.S., 
Surgeon  to  the  London  Hospital,  Examiner  in  Surgery  Royal  Army 
Medical  Department.  With  450  Illustrations.  In  Two  Volumes, 
4‘^s.  Supplied  in  sets  only. 

“ The  very  essence  of  the  book  is  its  practical  nature.  It  is  hardly  possible  to  open 
it  at  random  and  to  read  a page  without  recognising  that  the  author  is  describing  a 
subject  with  which  he  himself  is  thoroughly  acquainted,  and  that  he  has  exceptional 
power  of  imparting  to  others  the  knowledge  which  he  possesses.” — The  Lancet. 

A Manual  of  Medical  Treatment  or 

Clinical  Therapeutics.  By  i.  Bumey  Yeo,  m.d., 

F.R.C.P.  With  Illustrations.  TwoVols.  21s.  n&t. 

“ It  is  a book  from  which  the  most  skilled  therapeutist  has  something  to  learn,  a 
book  which  the  more  ordinary  physician,  no  matter  how  frequently  he  appeals  to  it, 
will  surely  find  a true  guide,  philosopher  and  friend  .....  likely  to  remain 
for  some  time  to  come  the  standard  work  on  the  subject  in  the  English  language.’ 
— The  Medical  Press  and  Ciratlar. 

Surgical  Diseases  of  the  Kidney  and 

Ureter.  By  Henry  Morris,  M.A.,  M.B.  Loud.,  F.R.C.S. 

Chairman  of  the  Court  of  Examiners  and  recently  a Vice-President  of 
the  Ro5'al  College  of  Surgeons,  Senior  Surgeon  to  the  Middlesex 
Hospital,  &c.  With  2 Chromo  Plates  and  numerous  Engravings. 
Two  Vols.  4:2s.  net. 

“The  soundest  and  most  authoritative  teaching,  expressed  in  the  clearest  and 
brightest  phrasing.  British  surgery  may  justly  pride  itself  on  having  produced  so 
admirable  and  worthy  a treatise.” — British  Medical  yottrnal. 

Tumours,  Innocent  and  Malignant: 

Their  Clinical  Characters  and  Appropriate 

Treatment.  By  J.  Bland-Sutton,  F.R.C.S.,  Surgeon  to 
the  Chelsea  Hospital  for  Women,  etc.  With  312  Engravings.  21s. 

“ A work  which  must  have  entailed  on  its  author  the  expenditure  of  infinite  labour 
and  patience,  and  which  there  can  be  little  question  will  rank  high  among  works  of  its 
class.” — The  Lancet. 

' The  Therapeutics  of  Mineral  Springs 

and  Climates.  By  I.  Burney  Yeo,  M.D.,  F.R.C.P. 

12s.  6d,  net. 

“The  author  furnishes  the  medical  profession  ivith  a very  complete  guide  to  the 
therapeutics  of  mineral  springs  and  climates.  The  application  of  mineral  springs  to  j^e 
treatment  of  various  maladies  is  succinctly  treated  under  the  various  diseases.  —The 
La7tcet, 


Tropical  Diseases.  A Manual  of  the  Diseases  of  Warm 

Climates.  By  Sir  Patrick  Manson,  K.C.M.6.,  M.D.,  LL.D. 
Aherd.,  F.R.C.P.,  C.M.G.,  F.R.S.  With  Two  Coloured  Plates 
and  130  Illustrations.  lOs.  (id.  net. 


“It  is  a good  book,  conceived  and  written  in  a scientific  spirit  and  well  up  to 
date.  ...  It  strikes  us  as  sound  and  judicious  in  regard  to  the  general  dietetic  and 
therapeutical  treatment  of  the  maladies  which  it  describes.  The  volume  is  of  a 
handy  size  and  admirably  illustrated,”— TAe  Lancet. 
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Manuals  for  Students  and  Practitioners  of  Medicine  {contd.). 


Diseases  of  the  Skin.  An  Outline  of  the  Prin- 

ciples and  Practice  of  Dermatology.  By  MalCOlm  MorriS, 
F.R.C.S.,  formerly  Surgeon  to  the  Skin  Department,  St.  Mary’s 
Hospital,  London.  With  Two  Coloured  Plates,  36  Plain  Plates,  and 
Numerous  Illustrations.  10s.  6d,  net. 

Surgical  Applied  Anatomy.  By 

Sir  Frederick  Treves,  Bart.,  G.C.V.O.,  C.B.,  F.R.C.S.,  LL.D., 
assisted  by  Artliur  Keith,  M.D.,  F.R.C.S.  With  80  Illustrations. 
9s. 

“ The  descriptions  are  terse  and  clear,  the  arrangement  excellent.  There  is  no  doubt 
that  the  book  will  receive  a cordial  welcome  from  those  for  whom  it  is  intended.” — T/te 
British  Medical  Journal. 

Oral  Sepsis  as  a Cause  of  Disease. 

By  W.  Hunter,  M.D.,  F.R.C.P.  3s.  6d.  | 

Intestinal  Obstruction.  Its  Varieties,  with  their 

Pathology,  Diagnosis,  and  Treatment.  By  Sir  Frederick  Treves, 
Bart.,  G.C.V.O.,  C.B.,  F.R.C.S.,  LL.D.  Illustrated.  10s.  6d. 

Orthopaedic  Surgery.  A Text-book  of  the  Pathology 

and  Treatment  of  Deformities.  By  J.  JackSOU  Clarke,  M.B.  Loud., 
F.R.C.S;  With  309  Illustrations.  10s.  Od. 

Medical  Diseases  of  Infancy  and 

Childhood.  By  Dawson  Williams,  M.D.  Lond.,  Fellow 
of  the  Royal  College  of  Physicians  of  London,  and  of  University 
College,  London  ; Consulting  Physician  to  the  East  London  Hospital 
for  Children,  Shadwell.  With  18  Full-page  Plates  and  numerous 
Illustrations.  lOs.  6d. 

Diseases  of  Women.  A Clinical  Guide  to  their 

Diagnosis  and  Treatment.  By  George  Emest  Herman,  M.B.  Lond. , 
F.R.C.P.,  Senior  Obstetric  Physician  to,  and  Lecturer  on  Midwifery 
at,  the  London  Hospital ; Examiner  in  Midwifery  to  the  University 
of  Cambridge  and  the  Royal  College  of  Physicians,  &c.  &c.  With 
upwards  of  250  Illustrations.  Price  23s. 

Ringworm.  In  the  Light  of  Recent  Research.  Pathology — 

Treatment — Prophylaxis.  By  MalCOlm  MorriS^  Surgeon  to  the 
Skin  Department,  St.  Mary’s  Hospital,  London.  With  22  Micro- 
photographs and  a Coloured  Plate.  7s.  Od. 

A System  of  Surgery.  Edited  by  sir  Frederick 

Treves,  Bart.,  G.C.V.O.,  C.B.,F.R.C.S.,LL.D.  Seventh  Thousand. 
Each  Volume  contains  Two  Coloured  Plates  and  Several  Hundred 
Original  Woodcut  Illustrations  by  Charles  Berjeau,  F.L.S.,  and 
others.  Complete  in  two  volumes,  price  dSs. 
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Manuals  for  Students  and  Practitioners  of  Medicine  {contd. ). 


Diseases  of  the  Joints  and  Spine. 

By  Howard  Marsh,  F.R.C.S.,  Professor  of  Surgep'  in  the 
University  of  Cambridge,  &c.  New  and  Revised  Edi!:on,  With 
79  Illustrations.  12s.  (id. 

‘‘  This  volume  Is  excellently  planned.  Mr.  Marsh  brings  to  bear  upon  it  keen 
critical  acumen.” — Liverpool  Medico-Chirurgical  yournal. 

Surgical  Diseases  of  the  Ovaries 

and  Fallopian  Tubes,  including  Tubal 

Pregnancy.  By  J.  Bland-Sutton,  F.R.C.S.,  Surgeon  to 
the  Chelsea  Hospital  for  Women,  Assistant  Surgeon  to  the  Middlesex 
Hospital.  With  146  Illustrations.  21s, 


Difficult  Labour.  A Guide  to  its  Management.  For 

Students  and  Practitioners.  By  G.  ErUCSt  Herman,  M.B.  LOUd., 
F.R.C.P.,  Senior  Obstetric  Physician  to  the  London  Hospital,  &c. 
With  165  Illustrations.  New  and  Revised  Edition.  12s,  6d, 

" The  book  is  well  arranged  and  profusely  illustrated  with  excellent  diagrams.  It 
is  a decided  acquisition  to  the  literature  of  midwifery,  and  we  have  pleasure  in  recom- 
mending it  to  2ul  interested  In  the  subject”— Medical  Journal. 


On  the  Origin  and  Progress  of 

Renal  Surgery,  with  Special  Reference  to  Stone  in  the 
Kidney  and  Ureter  ; and  to  the  Surgical  Treatment  of  Calculous 
Anuria.  Being  the  Hunterian  Lectures  for  1898.  Together  with  a 
Critical  Examination  of  Subparietal  Injuries  of  the  Ureter.  By 
Henry  Morris,  M.A.,  M.B.  Lond.,  F.R.C.S.,  Chairman  of  the 
Court  of  Examiners  of  the  Royal  College  of  Surgeons,  &c.  &c. 
With  28  Illustrations.  Gs, 


Surgical  Diseases  of  Children.  By 

Edmund  Owen,  M.B.,  F.R.C.S.,  Consulting  Surgeon  to  the  Hospital 
for  Sick  Children,  Great  Ormond  Street ; Surgeon  to  St.  Mary’s 
Hospital,  &c.  &c.  With  5 Chromo  Plates  and  120  Engravings. 

21a, 


Diseases  of  the  Tongue.  By  H.  T.  Butlin, 

F.R.C.S.,  D.C.L.,  Consulting  Surgeon  and  Lecturer  on  Clinical 
Surgery  to  St.  Bartholomew's  Hospital,  and  Walter  G.  Spencer, 
M.S.,  M.B.  Lend.,  F.R.C.S.,  Surgeon  to  Westminster  Hospital, 
&c.  With  Chromo  Plates  and  Engravings.  New  and  Revised 
Edition.  10s.  (id. 
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Manuals  for  Students  and  Practitioners  of  Medicine  {conid.). 


Diseases  of  the  Breast.  By  Thomas  Bryant, 

F.R.C.S.,  &c.,  Surgeon  to,  and  Lecturer  on  Surgery  at,  Guy’s 
Hospital.  With  8 Chromo  Plates  and  numerous  Engravings.  9fi. 


Syphilis.  By  Jonathan  Hutchinson,  F.R.S.,  F.R.C.S., 

Consulting  Surgeon  to  the  London  Hospital  and  to  the  Royal 
London  Ophthalmic  Hospital.  With  8 Chromo  Plates.  Seventh 
Thousand.  Os. 


Insanity  and  Allied  Neuroses.  By 

George  H.  Savage,  M.D.,  Lecturer  on  Mental  Diseases  at  Guy’s 
Hospital,  &c.  With  19  Illustrations.  Eighth  Thousand.  Os. 

“Dr.  Savage’s  grouping  of  insanity  is  practical  and  convenient,  and  the  observations 
on  each  group  are  acute,  extensive  and  well  arranged.” — Lancet. 


Clinical  Methods : A Guide  to  the  Practical  Study 

of  Medicine.  By  Robert  HutcMson,  M.D.,  F.R.C.P.,  and  Harry 
Rainy,  M.A.,  F.R.S.E.  With  9 Coloured  Plates  and  upwards  of 
150  Illustrations.  New  and  Revised  Edition.  10s.  6d. 

During  the  interval  that  has  elapsed  since  the  last  edition  of  this  work  was  issued 
important  advances  have  been  made  in  many  of  the  departments  which  fall  within  the 
scope  of  this  manual.  The  authors  have  endeavoured  in  this  new  edition  to  incorporate 
such  portions  of  this  new  material  as  are  likely  to  prove  of  permanent  value  and  are 
capable  of  clinical  application. 


Gout,  Its  Pathology  and  Treatment. 

By  Artbur  P.  Luff,  M.D.  Loud.,  B.SC.,  F.R.C.P.,  Physician  in 

Charge  of  Out-Patients  and  Lecturer  on  Forensic  Medicine  at  St. 

Mary’s  Hospital.  Crown  8vo,  256  pages,  5s. 

“Dr.  Luff  is  well  known  to  possess  a thorough  knowledge  of  chemical  science,  and 
to  be  an  able  investigator  of  chemical  phenomena.  The  work  under  review  bears  testi- 
mony to  this,  containing  as  it  does  a most  excellent  account  of  the  conditions  which  give 
rise  to  gout,  together  with  the  means  to  be  resorted  to  in  order  to  prevent  or  to  tilleviate 
its  paroxysms.” — Medical  Chronicle. 


Diseases  of  the  Ear.  By  a.  Marmaduke  SheUd, 

M.B.  Cantab.,  F.R.C.S.  Eng.,  &c.  With  4 Coloured  Plates  and 
34  Woodcut  Illustrations.  10s.  od. 


Food  in  Health  and  Disease.  By 

I.  Buraey  Yeo,  M.D.,  F.R.C.P.,  Professor  of  the  Principles  and 
Practice  of  Medicine  in  King’s  College.  10s.  Od, 
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Materia  Medica  and  Therapeutics. 

An  Introduction  to  the  Rational  Treatment  of  Disease.  By  J. 

Mitchell  Bruce,  M.A.,  LL.D.  Aberd.,  M.D.,  F.R.C.P.,  etc. 

Nezv,  Revised,  and  Ezilarged  Edition,  7«. 

The  present  edition  of  this  work  has  been  subjected  to  thorough  revision  and 
brought  up  to  the  level  of  the  latest  knowledge.  An  entirely  new  Part  has  been  added, 
which  contains  an  account  of  the  Materia  Medica  and  Therapeutics  of  the  drugs  in  the 
Indian  and  Colonial  Addendum  to  the  British  Pharmacopoeia. 


Elements  of  Histology.  By  E.  Klein,  M.D., 

F.R.S.,  Lecturer  on  General  Anatomy  and  Physiology  in  the 
Medical  School  of  St.  Bartholomew’s  Hospital,  London;  and  J.  S. 
Edkins,  M.A.,  M.B.,  Joint  Lecturer  and  Demonstrator  of  Physio- 
logy in  the  Medical  School  of  St.  Bartholomew’s  Hospital,  London. 
Revised  and  Enlarged  Edition,  with  296  Illustrations.  7s.  6d.. 

“ A work  which  must  of  necessity  command  a universal  success.  It  k just  exactly 
what  hcis  long  been  a desideratum  among  students." — Medical  Press  and  Circular. 


Hygiene  and  Public  Health.  By  b. 

Arthur  Whitelegge,  C.B.,  M.D.,  B.Sc.  Loud.,  F.R.C.P.,  etc., 
and  George  Newman,  M.D.,  D.P.H.,  F.R.S.E.,  etc.  Illustrated. 

New  and  Revised  Edition.  7s.  (id. 

In  view  of  the  great  advances  in  the  science  and  practice  of  Public  Health  siime  the 
first  appearance  of  this  Manual  in  1890,  this  work  has  been  revised,  rearranged,  and 
where  necessary,  rewritten.  In  recent  years  many  important  additions  to  the  official 
duties  of  Medical  Officers  of  Health  have  been  made,  and  fuller  application  of  scientific 
knowledge  is  now  required  in  preventive  medicine.  The  object  of  the  Manual  is  mainly 
to  present  a concise  summary  of  the  present  position,  for  the  purposes  of  the  Medical 
Officer  of  Health  and  of  the  student. 


A Manual  of  Chemistry  : Inorganic  and 

Organic,  with  an  Introduction  to  the  Study  of  Chemistry.  For  the 
Use  of  Students  of  Medicine.  By  Arthur  P.  Luff,  M.D.,  B.Sc. 
Loud.,  F.R.C.P. ; and  Frederic  James  M.  Page,  B.Sc.  Loud., 
F.I.C.  With  43  Illustrations.  Neiv  and  Revised  Edition.  7s,  dd. 

In  this  new  edition  the  chief  alterations  are  as  follows  : Part  I.  has  been  re-arranged 
as  well  as  brought  up  to  date.  In  Part  IV.  short  descriptions  of  the  determinations  of 
the  boiling-point  and  melting-point,  and  the  connection  between  the  stiucture  of  a 
substance  and  its  behaviour  to  polarised  light  (stereo-isomerism)  have  been  inserted  ; and 
ill  Chapter  XI.  will  be  found  the  composition  of  various  chemical  substances  which  have 
recently  come  into  u.'e  as  drugs  (aspirin,  heroin,  mesotan,  veronal,  etc.).  To  the 
Practical  Part  a brief  account  of  Volumetric  Analysis  has  been  added,  and  the  tables 
have  been  extended  so  as  to  include  the  analysis  of  a mixture  containing  two  meKils  and 
one  acid. 
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Elements  of  Surgical  Diagnosis : A 

Manual  for  the  Wards.  By  a.  Pearce  Gould, 

M.S..  M.B.,  F.R.C.S.,  Surgeon  to,  and  Lecturer  on  Surgery  at 
the  Middlesex  Hospital,  &c.  Neiv  and  Enlarged  Edition.  Ds, 

•‘We  strongly  recommeiul  the  careful  study  of  this  little  manual  to  every  student  of 
surgery.” — Dublin  Journal  of  Medical  Science. 


First  Lines  in  Midwifery.  A Guide  to 

Attendance  on  Natural  Labour.  By  G.  E.  Herman,  M.E.  Lond., 
F.R.C.P.,  Senior  Obstetric  Physician  and  Lecturer  on  Midwifery, 
London  Hospital,  &c.  With  8i  Illustrations.  5s, 


Manual  of  Military  Ophthalmology. 

For  the  Use  of  Medical  Officers  of  the  Home,  Indian,  and  Colonial 
Services.  By  M.  T.  Yarr,  F.R.C.S.I.,  Major  Royal  Army  Medical 
Corps,  &c.  With  numerous  Illustrations  and  Diagrams.  5s. 


The  Student’s  Handbook  of  Surgical 

Operations.  By  sir  Frederick  Treves,  Bart.,  G.C.V.O., 
C.B.,  F.R.C.S.,  LL.D.  With  94  Illustrations.  7s.  6d. 


Clinical  Papers  on  Surgical  Subjects. 

By  Herbert  W.  Page,  M.A.,  M.C.  Cantab.,  F.R.C.S.  Eng., 

Senior  Surgeon  to  St.  Mary’s  Hospital,  &e.  &c.  5s, 


The  Cerebro= Spinal  Fluid:  Its  Spontaneous 

Escape  from  the  Nose.  By  St.  Clair  Thomson,  M.D.,  &C.  5s. 

A Guide  to  the  Instruments  and 

Appliances  Required  in  Various  Operations. 

By  A.  W.  Mayo  Robson,  F.R.C.S.  is.  6d.,  or  post  free.  Is.  7d, 

Medical  Handbook  of  Life  Assurance. 

By  James  Edward  Pollock,  M.D.,  F.R.C.P.,  and  James  Chis- 
holm (Fellow  of  the  Institute  of  Actuaries,  London).  7s.  6d. 

The  Other  Side  of  the  Lantern.  By 

Sir  Frederick  Treves,  Bart.,  G.C.V.O.,  C.B.,  ‘LL.D.  With  40 

Full-page  Plates,  from  Photographs  by  the  Author.  1/is.  net. 
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Nursing  Handbooks,  &c. 


Incompatibility  and  Some  of  its 

Lessons*  By  Waltor  G.  Smitb,  M.D.,  Ex-President  Royal 
College  of  Physicians,  Ireland,  &c.  Is. 

Enlarged  Series,  in  Monthly  Parts,  price  2s.  net,  of  the 

Annals  of  Surgery.  A Monthly  Review  of  Surgical 

Science  and  Practice.  Edited  by  W.  H.  A.  JaCObSOn,  M.Cb. 
(of  London);  L.  S.  Pilcher,  A.M.,  M.D.  (of  Brooklyn,  U.S.A.) ; 
William  MacEwen,  M.D.  (of  Glasgow) ; J.  William  White,  M.D. 
(ofkVhiladelphia,  U.S.A.).  A subscription  of  24=s.,  paid  in  advance, 
will  secure  the  Journal  being  sent  post  free  for  one  year. 

Cookery  for  Common  Ailments.  By 

A Fellow  of  the  Royal  College  of  Physicians,  and  Phyllis 
Browne.  Limp  cloth.  Is. 

The  Care  and  Management  of  Deli= 

cate  Children.  By  Dr.  Percy  G.  Lewis.  3s.  6d. 
Handbook  of  Nursing  for  the  Home  and  for  the 

Hospital.  By  Catherine  J.  Wood,  Lady  Superintendent  of 
the  Hospital  for  Sick  Children,  Great  Ormond  Street.  Twenty- 
first  Thousand,  Is.  6d.  ; cloth,  2s. 

The  Practical  Nursing  of  Infants 

and  Children.  By  Frank  Cole  Madden,  M.B.,  B,S.  Melb., 

F.B.C.S.  288  pp.,  crown  8vo.  3s.  6d. 

Advice  to  Women  on  the  Care  of 

their  Health,  Before,  During,  and  After 
Confinement.  By  Florence  Stacpoole,  Diplom^e  of 

the  London  Obstetrical  Society,  etc.  etc.  jHew  and  Enlarged 
Edition,  2s, 

Our  Sick  and  How  to  Take  Care  of 

Them ; or.  Plain  Teaching  on  Sick  Nursing  at  Home.  By 
Florence  Stacpoole.  Fourth  Edition,  Paper  covers,  Is.;  or 
cloth,  Is,  6d. 

Ambulance  Work  and  Nursing,  a 

Handbook  cn  First  Aid  to  the  Injured.  With  a Section  on  Nursing, 
Containing  Numerous  Illustiations  from  Photographs  and  Drawings. 
Cheap  Edition.  6s. 

Cassell  & Company’s  COMPLETE  CATALOGUE,  containing  pa7- 
, ticulaj-s  of  upwards  of  One  Tho7<sand  Volumes,  including  Bibles  and 
Religious  Works,  Illustrated  and  Fme-Art  VoUones,  Children  s 
Books,  Dictionaries,  Educatio/ial  Works,  History,  Natural  History, 
H o7tsehold  and  Domestic  Treatises,  Science,  Travels,  cfc,,  together 
with  a Synopsis  of  their  nunterous  Illustrated  Serial  Publications, 
setit  post  free  on  application. 

CASSELL  & COMPANY,  Limited,  Ludgate  Hill,  Londoti ; 

Paris,  New  York  <5r>  Melbourne. 
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